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FOREWORD

This report is Volume llR of the Amoco Oil Company, Whiting Refinery, application to

renew NPDES Permit Number 1N0000108. This document supplements Volume ll

submitted to the lndiana Department of Environmental Management in August, 1994.

Volume llR provides information to demonstrate that a mixing zone can safely be

integrated into the renewed Amoco NPDES Permit. This mixing zone demonstration

addresses the requirements of state rules and federal law and guidance. Amoco is

providing information based on hydrodynamic and biological field studies, chemical and

biological laboratory tests, computer modeling, and literature review of the physical,

chemical, and biological characteristics of the receiving water, effluent, and the specific

areas of the mixing zone. As a replacement for the current Outfall 001 configuration,

Amoco proposes to install and operate a multi-port high-rate diffuser to discharge its

treated effluent. A multi-port high-rate diffuser will assure rapid and immediate mixing, thus

further minimizing potential aquatic organism exposure. Based on the information provided

in this report to satisfo Indiana rules (327 IAC 2-1.5-8 and 5-2-11.4, etc.), a mixing zone is

appropriate to be included in Amoco's NPDES permit.

The report is organized into the following sections:

. Section 1 introduces background information on the Amoco Whiting
facility, the technical and regulatory basis for allowing a regulatory
mixing zone in Lake Michigan, and the applicability of a regulatory
mixing zone to Amoco's NPDES permit.

. Section 2 analyzes the mixing zone dispersion of the proposed multi-
port high-rate diffuser, using a USEPA-accepted and supported
computer model.

. Section 3 demonstrates that a mixing zone meets all lndiana mixing
zone regulatory requirements as well as federal guidance. The
demonstration includes information on the magnitude and extent of the
mixing zone, receiving water and effluent characteristics, and the results
of a bioassessment field study.

. Section 4 summarizes the findings of this mixing zone demonstration
and recommends the specific mixing zone (size and dispersion ratio) to
be incorporated into wasteload allocation procedures necessary to
derive water quality-based effluent limits for the NPDES Permit renewal
process.
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EXEGUTIVE SUMMARY
VOLUME IIR

INTRODUGTION

In August of 1994, Amoco submitted an application to renew its NPDES permit that

authorizes Amoco to discharge treated water into Lake Michigan. Amoco requested that

the 1990 ambient water quality standards be applied at the edge of a proposed mixing

zone. Amoco's proposed mixing zone would not result in an increase in concentration

or mass over currently permitted levels that are discharged into Lake Michigan from

Amoco's state-of-the-art wastewater treatment plant.

This document supplements Volume ll ("Mixing Zone Demonstration") of the 1994

permit application. This document (referred to as "Volume llR") reorganizes the

information contained in the original Volume ll (referred to as "Volume ll") to correspond

to new mixing zone rules adopted by IDEM in Februaryof 1997. The substance of the

mixing zone demonstration has not changed. While Volume ll should remain a part of

the permitting docket, Volume llR is a free-standing document that can be relied on

without reference to Volume ll. Volume | (.NPDES Permit Renewal Application") has

not changed and remains an integral component of the overall application. Volume lll

("Permit Limits Derivation Report") completes Amoco's NPDES permit application.

In February of 1997, Indiana adopted new water quality standards (WQS)1. The 1997

WQS are based on the United States Environmental Protection Agency's (USEPA)

Water Quality Guidance for the Great Lakes System (commonly referred to as the GLI),

40 CFR Part 132. The GLI WQS establish numeric criteria for some specific chemicals

and a procedure for developing numeric water quality criteria or values for other specific

chemicals. ln addition, the GLI WQS specify mixing zone criteria for use in converting

the numeric water quality criteria or values into water quality-based effluent limits

1 Water Quality Standards (WQS) include numeric criteria and narrative standards that address designated uses,
antidegradation, criteria development methods, and implementation procedures, including mixing zones. Mixing zones
are, in fact, part of WQS.
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(WQBELS). Table ES-1 sets forth the 1997 mixing zone criteria verbatim. As

demonstrated herein, the 1997 water quali$ criteria or values should be applied at the

edge of a small, well-defined mixing zone.

WHAT IS A MIXING ZONE?

A mixing zone is an area contiguous to a discharge where the treated effluent mixes

with the receiving waters. Since water quality criteria or values are exposure-based,

they do not apply within a mixing zone; the criteria or values are met at the edge of a

mixing zone. Compliance is determined by sampling the effluent prior to discharge and

comparing the results to permit limits that account for the dispersion which occurs within

the mixing zone.

This technique is common for health-based environmental standards. For example,

USEPA promulgates national ambient air quality standards (NAAOS) to protect public

health and welfare. 42 USC 7408(a), 7409(a). The various states then adopt rules that

apply to specific sources to ensure that the ambient air meets the NAAQS. 42 USC

7410 (a). Individual sources are not required to meet the NAAQS. ln fact, individual

sources may exceed the NAAQS at the end of a smoke stack and remain in compliance

with their individual permits as long as the ambient air meets the NAAQS at the point of

exposure (e.9., outside the plant's fenceline). The NAAQS, like water quality standards,

are set at a level to protect against excessive exposure in the real world. lt is not

reasonable (or necessary) to assume that an individual will be perched at the top of a

smoke stack for eight hours inhaling the emissions. Likewise, it is not reasonable (or

necessary) to assume that a fish will take a position at the end of a discharge pipe and

remain there for a sufficient duration to result in any harm. lnstead, the regulatory

procedures for health-based standards allow for demonstrated dispersion to be included

and an emissions limit that accounts for that dispersion.

USEPA and the States, including Indiana, have used mixing zones as a tool for

implementing water quality criteria or values since the 1960's. USEPA reaffirrned its

view that mixing zones are an appropriate tool for implementing water quality criteria or
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values in the recently promulgated GLl. IDEM modeled its mixing zone rules on the

GLI .2

Like the NAAQS, one of the main objectives in applying the water quality standards is to

determine a point at which the standards must be met. ln the case of the NAAQS, it

may be at the fenceline. ln the case of the WQS, it is at the edge of a mixing zone. ln

practice, this means that a dispersion ratio is established at the edge of the mixing zone

and is used to translate water quality criteria to an end-of the-pipe limit. For example,

with 100:1 dispersion at the edge of a mixing zone, a mass balance of 1 part effluent

with 100 parts receiving water (at background concentration) is calculated to develop an

end-of-pipe limit, with compliance determined based on samples of the effluent prior to

mixing with the receiving water.3 An end-of-the-pipe limit is necessary because it is

often not feasible to obtain compliance samples at the edge of a mixing zone.

WHY ARE MIXING ZONES APPROPRIATE?

USEPA has endorsed mixing zones for four decades. Mixing zones are appropriate

given that the water quality criteria are exposure-based and exposure is of very limited

duration inside a mixing zone. Water quality criteria include numerical limits based on

three principlesa:

. magnitude of exposure

. duration of exposure, and

. frequency of exposure

Chemical specific and whole effluent toxicity (WET) water quality criteria are based on

both the acute (or short-term) effects and the chronic (or long-term) effects on aquatic

life. Numeric water quality criteria are developed for specific chemicals and for WET.

' The USEPA GLI and IDEM rules (327 IAC ARTICLE 5) set forth several important limitations on the use of mixing
zones.
First, mixing zones are only appropriate if the subject waterbody meets the water quality standards. In other words,
there must be assimilative capacity to accommodate the increased loading. Second, mixing zones are not appropriate
for substances that bioaccumulate. Third, mixing zones should not be used to adjust any technology-based limits (as

^ opposed to water quality-based limits). Amoco's proposed mixing zone is consistent with these limitations
" Based on a review of approved mixing zones, dispersions can vary significantly from 2:1 to 500:1. The USEPA GLI

uses a default mixing zone for lakes of 10:1.
n WOS also include nanative standards that address designated uses, antidegradation, and implementation including

mrnng zones.
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This approach prevents impacts from individual chemicals, as well as from the

cumulative, additive and/or synergistic effects of the combination of chemicals in the

whole effluent.

Acute Aquatic Criteria (AAC) are based on protecting the most sensitive species from

acute effects. For instance, lndiana's AAC for chlorides is 860 mglL (magnitude) as a

one-hour average (duration) concentration, not to be exceeded more than once every

three years on average (frequency). By contrast, Chronic Aquatic Criteria (CAC) are

derived to protect the most sensitive species from chronic effects and are expressed as

a specified concentration (magnitude) over a four-day average (duration), not to be

exceeded more than once every three years on average (frequency). The Indiana CAC

for chlorides is 230 mg/L (magnitude) as a four-day average (duration) not to be

exceeded more than once every three years (frequency). Due to the duration and

frequency principles underlying the derivation of criteria, the criteria are referred to (by

USEPA and others) as "instream criteria", highlighting the fact that these are not to be

attained at end-of-pipe. 327 IAC 2-1.5-7.

The numeric water quality criteria are converted into water quality-based effluent

lirnitations (WaBELs) as part of the permitting process. This process considers whether

a permit applicant's effluent (as measured at the end-of-pipe) has the reasonable

potential to exceed (RPE) an instream water quality criteria. lf so, a permit limit should

be developed based on a wasteload allocation that accounts for the permittee's

discharge, as well as the combined impact of other discharges (point and nonpoint

sources) and naturally occurring background concentrations. The permit limit must

ensure that the water quality criteria or values will be met in the receiving water.

lf a permit applicant demonstrates that it has engineered a mixing zone that meets the

regulatory requirements, then, by definition, the mixing zone will not result in exposure

for a duration and/or frequency that exceeds a numeric water quality criteria. Thus,

permit limits can be developed, taking into account a mixing zone. For exarnple, in

many cases the initial momentum from the discharge of effluent into the receiving water

minimizes the time organisms would be exposed to concentrations above the magnitude

criteria. Though the exposure will exceed the magnitude of the criteria, the duration of

exposure can be limited to ensure that there is no adverse effect. USEPA and the
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states have developed rules and guidance over the years to determine the limitations on

the duration of exposure that are necessary to protect human health, aquatic life, and

wildlife. IDEM has adopted these rules as part of the GLl. lf an applicant meets the

requirements set forth in 327 lAC 5-2-11.4(bX4) {see Table ES-1), it has by definition

established that the duration of exposure within a defined mixing zone will not interfere

with the waterbody's designated uses.

IS AMOGO'S PROPOSED MIXING ZONE APPROPRIATE?

Amoco's proposed mixing zone is appropriate because it meets all of the documentation

and demonstration requirements set forth in Indiana rules (see Table ES-1). Addressing

these regulatory demonstration criteria calls on two different disciplines: hydrodynamics

and biology. Amoco's hydrodynamic and biological studies are discussed in this

document and summarized below.

The hydrodynamic investigations involve studies of the physical properties of mixing.

Amoco has previously demonstrated that its present discharge (Outfall 001) provides

significant mixing through the dispersion created by its existing discharge configuration.

Nonetheless, Amoco is proposing to install a multi-port submerged high-rate diffuser to

enhance mixing and to reduce the size and area of the resulting mixing zone. A diffuser

is a structure engineered to enhance mixing by discharging effluent at a relatively high

velocity into the water column and directed away from the lake bottom.

Amoco proposes to install the multi-million dollar diffuser at a depth of approximately 30

feet at a location approximately 3,500 feet northeast of the present side-channel outfall.

The rationale for this site is to maximize mixing with ambient waters by locating the diffuser

in deeper waters where more water volume is available for rapid mixing than is available

than the cunent Outfall 001. After installation of the diffuser, the treated effluent will be

pumped through a 3,500-foot feeder pipe and discharged at high velocities (e.g., 10

feeUsecond) through ten small ports evenly spaced over the last 90 feet of the pipe (the

diffuser header).

To determine the dispersion ratio that can be achieved by the proposed diffuser, Amoco

researched historical records, conducted its own field measurements, and consulted

with widely recognized experts. The data gathered were entered into an USEPA-
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endorsed computer model used to project mixing (CORMIX2). Based on the modeling

and field studies, Amoco proposes a mixing zone that is equivalent to the discharge-

induced mixing zone under Indiana rules. This area encompasses a SO-foot radius

around the diffuser. At the edge of this zone, the effluent is dispersed by a 54:1 ratio.

Organism exposure inside this mixing zone will be less than the duration component

used to derive water quality criteria. In fact, exposure time for free floating organisms in

the discharge-induced mixing zone is less than 90 seconds, which is significantly less

than the one-hour or four-day exposure duration component used to determine acute or

chronic water quality criteria, respectively. Thus, to establish daily maximum and

monthly average end-of-pipe limits, a mass balance of one part effluent and 54 parts of

background receiving water is applied to the instream water quality criteria.

ln addition to the mixing hydrodynamics discussed above, Amoco conducted a series of

biological assessments of the present discharge location and the proposed diffuser site.

These assessments found no evidence of adverse effects to aquatic life or the

designated uses of the receiving water at the present site (presented in 1994 Volume ll).

Given that the proposed mixing zone includes dispersion enhancements when

compared to the current discharge (i.e., a diffuser in deeper water and away from

shore), the proposed mixing zone will not adversely impact the designated uses of

southern Lake Michigan.

The biological assessments evaluated bottom-dwelling, free-floating, and attached

aquatic communities. Species from these particular communities were collected,

identified, and counted because they are either (a) the most sensitive aquatic

communities in the area where mixing between effluent and receiving water occurs, or

(b) the most critical communities in the Great Lakes ecosystem food chain. The overall

findings from the biological assessment were that the present discharge has not

adversely affected aquatic life or the designated uses of the receiving water. With a

submerged multi-port high-rate diffuser located in deeper waters, the dispersion effects

are enhanced as effluent will be quickly mixed throughout the deeper water column,

further minimizing the exposure time for organisms.
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CONCLUSION

The hydrodynamic studies and biological assessment, taken together, make a
compelling demonstration that Amoco's proposed mixing zone will not cause harm to
human health, aquatic life, or wildlife. In fact, reducing the duration of exposure by
using a submerged high-rate diffuser renders Amoco's proposed mixing zone more
protective of human health, aquatic life, and wildlife than the existing discharge. Under
Indiana law, IDEM must include the mixing zone in Amoco's permit because Amoco has
met all of the conditions for approval set forth in 327 IAC 5-2-1 1.4(bX4).
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TABLE ES.1. INDIANA MIXING ZONE GRITERIA

327 tAC 5-2-',t 1.4(bX4XAXi) Document the characteristics and location of the
outfall structure, including whether technologically
enhanced mixing will be utilized.

327 tAC 5-2-1 1,4(bX4XAXii) Document the amount of dilution occurring at the
boundaries of the proposed mixing zone and the size,
shape and location of the area of mixing, including the
manner in which diffusion and dispersion occur.

327 tAC 5-2-1 1.4(bX4)(AXiii) For sources discharging to the open waters of Lake
Michigan, define the location at which discharge-
induced mixinq ceases.

327 tAC 5-2-1 1.4(b)(a)(A)(iv) Document the physical including substrate character
and geomorphology, chemical and biological
characteristics of the receiving waterbody, including
whether the receiving waterbody supports indigenous,
endemic or naturallv occurrino soeci

327 tAC 5-2-1 1.4(bXaXAXv) Document the physical, chemical, and biological
characteristics of the effluent.

327 tAC 5-2-1 1.a@XaXAXvi) Document the synergistic effects of overlapping mixing
zones or the aggregate effects of adjacent mixing
zones.

327 tAC 5-2-1 1.a(bXaXAXvii) Show whether organisms would be attracted to the
area of mixing as a result of the effluent character.

327 tAC 5-2-1't.4(bX4XBXi) The mixing zone would not interfere with or block
of fish or aquatic life.

327 tAC 5-2-1 1.4(bX4XBXii) The level of pollutant permitted in the waterbody would
not likely jeopardize the continued existence of any
endangered or threatened species listed under
Section 4 of the ESA or result in the destruction or
qdverse modification of such species habitat.

327 tAC 5-2-1 1.4(bX4XBXiii) The mixing would not extend to drinking water intakes.

327 tAc 5-2-1 1.+(b)(+)(B)(iv) The mixing zone would not impair of otherwise
interfere with the designated uses of the receiving
water or downstream waters.

327 tAc 5-2-1 1.+(bXaXBXv) The mixing zone would not promote undesirable
aquatic life or result in a dominance of nuisance

327 tAC 5-2-1 1.a(b)(a)(B)(vi) By allowing the additionat mixing: (AA) substances will
not settle to form objectionable deposits; (BB) floating
debris, oil, scum, and other matter in concentrations
that form nuisances will not be produced; and (CC)
objectionable color, odor, taste, or turbidity will not be

327 tAC 5-2-1 1.4(bX4XC) In no case shall a mixing zone for a discharge into the
open waters of Lake Michigan be granted that
exceeds the area where discharge induced mixing
occurs.
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sEcTtoN 1.0

INTRODUCTION

As part of its comprehensive water quality management program, Amoco Oil Company,

Whiting Refinery (Amoco) has performed studies to assess the options available to comply

with the Indiana Water Quality Standards (327 IAC 2) promulgated on March 3, 1990, and

revised February 13,1997. These state standards have incorporated the requirements of

the federal Clean Water Act of 1987 as well as the Final 1995 Water Quality Guidance for

the Great Lakes System (40 CFR Part 132). Part of these requirements include

application of water-quality based (chemical-specific and whole effluent toxicity) effluent

limits, as well as technology-based limits for direct dischargers.

Based on Amoco's water quality studies and the fact that Lake Michigan is in attainment of

water quality standards, Amoco concludes that a mixing zone is appropriate to define a

point of application for water quality criteria.

Amoco requests an evaluation of the application of a mixing zone for the discharge of

treated effluent into Lake Michigan pursuant to 327 IAC 2-1.5-7 and 327 IAC 5-2-11.4 and

federal mixing zone guidance. Results of an effluent dispersion analysis and

corresponding mixing zone demonstration as part of this request are presented in this

report.

1 . 1 FACILITY DESCRIPTION

The Amoco Whiting Refinery occupies approximately 1,700 acres near the southern end

of Lake Michigan as presented in Figures 1-1 and 1-2. The petroleum refinery includes

processes such as distillation, catalytic reforming, hydrodesulfurization, catalytic cracking,

alkylation, coking, treating, extraction, dewaxing, grease and lube oil production, asphalt

production, sulfur recovery, and power generation. The refining throughput varies with

product demand and other market considerations, but its capacity averages 410,000

barrels of crude per day. Amoco produces a variety of products including jet fuel,

gasoline, dieselfuel, heating fuel, lubricating oils, asphalt, coke, and waxes.
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The refinery generates process waters which are continuously treated on-site at an

advanced biological wastewater treatment plant (WW|-P) as shown schematically in

Figure 1-3. (Volume I NPDES Permit Application, submitted August 29, 1994, presents

details of the WWTP). Stormwater run-off and recovered groundwater from refinery areas

are also treated at the WWTP. The treated effluent is then discharged to Lake Michigan

through a National Pollutant Discharge Elimination System (NPDES) permitted outfall

(Outfall 001). The refinery withdraws water from Lake Michigan for use in process units

and for once-through cooling. The once-through noncontact cooling water is discharged

through NPDES Outfall 002. Both outfalls are regulated by NPDES Permit 1N0000108

(the NPDES Permit) which became effective on April 1, 1990. The effluent flow from

Outfall 001 ranged from 13 (longterm average) to 23 (maximum monthly average) million

gallons per day (mgd) during 1991 to 1994 (Volume I NPDES Permit Application,

submitted August 29,1994). For the same time period, the average flow from Outfall 002

ranged from 110 to 120 mgd.

The NPDES Permit has limits for Outfall 001 derived from technology-based effluent limits,

which are presented in Table 1-1. Amoco has consistently attained these permit limits

with high quality effluent that meets or is better than "Best Available Technology" (BAT)

effluent requirements, as seen by the historicalWWTP plant performance also indicated in

Table 1-1. lt is anticipated that the new permit will contain effluent limits based on the

lndiana Water Quality Standards as well as the previously applicable technology-based

standards. Amoco is not requesting a mixing zone for technology-based standards. As

part of the permit renewal application, Amoco is submitting this report to demonstrate an

appropriate implementation of a mixing zone for application of the lndiana water quality

standards consistent with 327 IAC 2-1.5-7 and 5-2-11.4.

WATER QUALITY MANAGEMENT PROGRAM

To meet the goals of the lndiana water quality laws, Amoco developed a comprehensive

water quality management program including the elements presented in Table 1-2. For

example, wastewater treatment has been optimized by supplementing the aeration system

in the biotanks (1995) and upgrading the final filters (1996). Details of some of the

activities listed in Table 1-2 an be found in Volume I NPDES Permit Application,

submitted August 29,1994. This current report (Volume llR) presents a discussion of the

1.2
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1 . 3

program elements relating to defining the point of application for receiving water quality

criteria through delineation of a mixing zone in Lake Michigan for Outfall 001.

APPROPRIATENESS OF MIXING ZONE FOR THE AMOCO WHITING
REFINERY

As part of the water quality management program, Amoco considered several factors prior

to proceeding with a mixing zone demonstration. There are generic stipulations presented

in USEPA guidances to assess the appropriateness of using a mixing zone to define the

point of application of criteria and to develop discharge limits. In light of these USEPA

stipulations, Amoco presents the following responses to the appropriateness of using a

mixing zone for Outfall 001 permitting. As discussed previously, implementation of a

mixing zone for the Amoco facility is not a substitute for BAT wastewater treatment.

Amoco has demonstrated that based on USEPA test methods the combined effect of

constituents discharged from Outfall 001 is not acutely toxic (presented in Volume I

NPDES Permit Application, submitted August 29,1994). Lake Michigan meets the water

quality criteria for its designated uses for the constituents listed in Table 1-4, (i.e.,

background concentrations are less than the most stringent criteria), hence assimilative

capacity exists. The presence of assimilative capacity for these constituents allows the

use of a mixing zone in establishing discharge limits. In addition, the proposed mixing

zone covers a limited area and will not impair the integrity of the receiving waterbody, as

further documented in Sections 2 and 3.

Furthermore, the federal recommendation of mixing zone use to define the point of

application for criteria has to be recognized by the state. Indiana concurs with federal

guidance that water quality criteria apply in the receiving water and not at end-of-pipe as

discussed in the Sections 1.4 and 1.5. Indiana defines a mixing zone as follows:

327 IAC 2-1.5-2 (551 Definitions. "Mixing zone" means an area contiguous to a
discharge where the discharged wastewater mixes with the receiving waters.
Where the quality of the effluent is lower than that of the receiving waters, it may
not be possib/e to attain within the mixing zone all beneficial uses which are
attained outside the zone. The mixing zone should not be considered a place
where effluents are treated.

5 USEPA, 1 991 , Technical Support Document for Water Quality-based Toxics Control CrSD), and 1993 Water
Quality Standards Handbook, Second Edition (WQSH)
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1.4

Guidelines in the Indiana Water Quality Standards for demonstrating the appropriateness

of a mixing zone in State waters are presented in the following paragraph.

327 IAC 2-1.5-7 Mixing Zone Guidelines. "(a) Ail surtace water qualtty citeia
in this rule, excepf fhose provided in section 8(b)(1) of this rule, are to be applied at
a point outside of the mixing zone as determined under 327 IAC 5-2-11.4 to allow
for a reasonable mixture of waste effluents with the receiving waters.

lndiana does have a prohibition for the use of mixing zones in permitting, hence, Amoco is

not requesting (nor does it need) a mixing zone for lndiana-defined bioaccumulative

constituents of concern (BCCs).

As a mixing zone is appropriate for Outfall 001, Amoco proceeded to fulfill the Indiana

requirements to demonstrate that a mixing zone can be defined and is applicable to

assure attainment of water quality criteria. The implementation of a mixing zone will

continue to maintain water quality standards for Lake Michigan without requiring

unnecessary wastewater treatment and increased multi-media impacts.

BASIS FOR ALLOWANCE OF A MIXING ZONE

ln discussing mixing zones, terminology frequently varies with the intent and context of the

discussion. For instance, the use of certain terms may depend on whether the discussion

relates to engineering (hydrodynamics and modeling), field assessment (scientific

measurements), or laws and guidance (regulatory). Federal and individual state laws and

guidances often have specific defined mixing zone terms, therefore, selected terms and

their corresponding definition used in this report are presented in Table 1-3.

When a liquid effluent is discharged to a lake, a natural area of mixing is created. This

area of mixing is where the effluent commingles, spreads out, and disperses in the

receiving water. Initially, mixing is driven by the hydraulic force of the discharged water.

This zone is defined as the jet entrainment zone. After the hydraulic energy of the effluent

is dissipated, differences in density and relative movement of the spreading effluent and

the receiving water body combine for further mixing, described as the transition zone. The

jet entrainment zone and transition zone combine to form the near-field mixing zone.

Eventually, the natural currents of the receiving waterbody become the dominant force.

ADVENT 9851512 1-4 24-Mar-98



This area is defined as the far-field mixing zone. Natural driving physical processes such

as flow, density differences, temperature gradients, or variable chemical concentrations,

continue to drive mixing between effluent and receiving water in this zone.

Water quality criteria based on Indiana Water Quality Standards are listed in Table 14 tor

metals and conventional constituents. Water quality criteria are defined by three factors:

. magnitude,

. duration, and
o frequency.

These factors are necessary to define criteria to protect the designated use of the

waterbody. The criteria consider both the acute (short-term) effects and the chronic (long-

term) effects. Short-term and long-term effects are measured through laboratory toxicity

bioassay testing of a chemical. Acute criteria are based on protecting the most sensitive

species from acute effects and are expressed as Acute Aquatic Criteria (AAC). For

example, lndiana's AAC for chlorides is expressed as: 860 mg/L (magnitude) of chlorides

as a one-hour (duration) average concentration not to be exceeded more than once every

three years (frequency) on average. The Chronic Aquatic Criteria (CAC) are derived to

protect the most sensitive species from chronic toxic effects and are expressed as a four-

day average concentration. For instance, lndiana's CAC for chlorides is expressed as:

230 mg/L (magnitude) of chlorides as a four-day (duration) average not to be exceeded

more than once every three years (frequency) on average

As stated in 327 IAC Articles 2 and 5, the AAC and CAC, due to their duration (exposure)

and frequency (time) elements, are to be met in the receiving water. To ensure protection

of the receiving water, the point of application of criteria are:

AAC at edge of the Discharge-lnduced Mixing Zone (DIMZ) (327 IAC 2-
1.5-8(bXlXEXi)

CAC at the edge of the applicable mixing zone (327 IAC 2-1.5-8(bX2))

Indiana Articles 2 and 5 also state that the Continuous Chronic Criteria (CCC), which

includes the CAC as well as any other Tier ll chronic criteria, apply at the edge of the
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"applicable mixing zone"6. Similarly, Tier ll acute criteria apply at the edge of the

"discharge-induced mixing zone" (DIMZ).

The USEPAT has determined that travel time through an acute mixing zone (DIMZ) must

be roughly less than fifteen minutes if a one-hour average exposure is not to exceed the

acute criterion. In addition, USEPA has recommended receiving water flow or velocity

design conditions to establish the mixing zone to mimic the three-year return interval. This

type of assessment for receiving water quality addresses the magnitude (acute criteria

concentration to be attained at edge of DIMZ), duration (rapid mixing of less than 15

minutes to minimize exposure), and frequency (critical/conservative receiving water

velocity or flow) of exposure.

To reconcile hydraulic and lndiana regulatory terms, this mixing zone demonstration

equates the "discharge-induced mixing zone" to the 'Jet entrainment zone". The

"applicable mixing zone" equates to the "far-field zone" and is also referred to as an

"alternate mixing zone"8 when a site-specific mixing zone demonstration is requested. For

a Lake Michigan discharge, the extent of the altemate mixing zone is limited to the

discharge-induced mixing zone (327 IAC 5-2-11.4(bX2XA)(v)), hence, only one delineated

area and one dispersion ratio will apply to the DIMZ. At this point, both the AAC and CAC

criteria are to be attained. Therefore, this demonstration delineates the discharge-induced

mixing zone for the Amoco Outfall 001.

INDIANA MIXING ZONE REQUIREMENTS

In February of 1997, lndiana adopted new water quality standards (WOS). The 1997

WQS are based on the USEPA Water Quality Guidance for the Great Lakes System

(commonly referred to as the "GLl") 40 CFR Part 132. The GLI WQS establish numeric

standards for some specific chemicals and a procedure for developing numeric WQS for

other specific chemicals. ln addition, the GLI WQS adopt mixing zone criteria for use in

converting the numeric criteria into water quality-based effluent limits (WQBELS).

u 327 IAC 2-1.5-8(bX2) refers to applicable mixing zones and 327 IAC 5-2-1 1.4(bX2XAXii) refers to
_ alternative mixing zones in defining where chronic criteria are to be attained.
, USEPA,1991 TSD, and 1993WQSH
8 Pursuant to 327 IAC $2-11.4(bX2XA)(i), (ii), and (iii) and (bX3XB)(i) and (ii) and (C)

1 . 5
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An applicant must address the following items in an application for a mixing zone'.

Document the characteristics and location of the outfall structure,
including whether technologically enhanced mixing will be utilized.

Document the amount of dilution occurring at the boundaries of the
proposed mixing zone and the size, shape, and location of the area of
mixing, including the manner in which diffusion and dispersion occur.

For sources discharging to the open waters of Lake Michigan, define
the location at which discharge-induced mixing ceases.

Document the physical, including substrate character and
geomorphology, chemical and biological characteristics of the
receiving waterbody, including whether the receiving waterbody
supports indigenous, endemic or naturally occurring species.

Document the physical, chemical, and biological characteristics of the
effluent.

Document the synergistic effects of overlapping mixing zones or the
aggregate effects of adjacent mixing zones.

. Show whether organisms would be attracted to the area of mixing as
a result of the effluent character.

327 tArc 5-2-1 1.4(bX4XAX|)-(vii).

IDEM must grant the mixing zone if an applicant demonstrates the following:

o The mixing zone would not interfere with or block passage of fish or
aquatic life.

. The level of pollutant permitted in the waterbody would not likely
jeopardize the continued existence of any endangered or threatened
species listed under Section 4 of the ESA or result in the destruction
or adverse modification of such species habitat.

. The mixing would not extend to drinking water intakes.

. The mixing zone would not impair of otherwise interfere with the
designated uses of the receiving water or downstream waters.

. The mixing zone would not promote undesirable aquatic life or result
in a dominance of nuisance species.

. By allowing the additional mixing: (AA) substances will not settle to
form objectionable deposits; (BB) floating debris, oil, scum, and other
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matter in concentrations that form nuisances will not be produced;
and (CC) objectionable color, odor, taste, or turbidity will not be
produced.

. In no case shall a mixing zone for a discharge into the open waters
of Lake Michigan be granted that exceeds the area where discharge
induced mixing occurs.

327 tfuc 5-2-1 1.4(bX4XBxi)-(vi).

lf an applicant documents the required information and demonstrates the listed items,

IDEM must grant the request for a mixing zone:

...unless the commissioner determines that the mixing zone should be denied
based upon a consideration of harm to human health, aquatic life, or wildlife. The
commissioner shall evaluate all available information, including information
submitted by the public, relevant to the consideration of harm to human health,
aquatic life, or wildlife. The commissioner shall identify the harm to human
health, aquatic life, or wildlife, and document the rationale for this decision.

326 IAC 5-2-11.4(bX4XBX6).

lf an applicant satisfies its specified obligations under the rule, the burden shifts to IDEM

to prove some specific harm that warrants the denial of the mixing zone.

As documented in Sections 2 and 3, Amoco has satisfied its obligation under the rule in

demonstrating that a mixing zone is appropriate for Outfall 001.
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TABLE 1.1. NPDES OUTFALL OO1 DISCHARGE LIMITATIONS AND EFFLUENT QUALIW

PARAMETER UNITS

1990 PERMIT LIMITS (a) HISTORICAL
PERFORMANCE (b)

MONTHLY
AVERAGE

DAILY
MAXIMUM

MONTHLY
AVERAGE

DAILY
MAXIMUM

TBOD5
TSS
coD
Oil& Grease
Phenolics (4AAP)
Ammonia as N
Sulfide
TotalChromium
Hexavalent Chromium

lbs/day
lbs/day
lbs/day
lbs/day
lbs/day
lbs/day
lbs/day
lbs/day
lbs/day

4,161
3,646

30,323
1,369
20.33
1,030
23.1

23.90
2.01

8,164
5,694

58,427
2,600
73.01
2,060

51.4
68.53
4.48

721
2,059
7,973

463
3 .1
551
6.7
2.4
0.6

3,580
4,90a (c)

18 ,515
1,594
17.9

1,446
14.3
5.3
1 . 2

Notes:
(a) 1990 Permit Limits are based upon previous permit effluent limitations since they were more

stringent than BPT/BAT limits.
(b) Historical performance based on monthly DMR data for April 1991 to April 1994 (consistent with Form 2C).
(c) Daify maximum does not include a24-hour time period when the WWTP experienced a known upset

condition on August 31 , 1993.
BPT - Best Practicable Control Technology Currently Available
BAT - Best Available Technology Economically Achievable
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TABLE 1.2. WATER QUALITY MANAGEMENT PROGRAM ELEMENTS

ELEMENT DATE
INITIATED

DATE
COMPLETED

EFFLUENT CHARACTERIZATION
- Chemical Specific
- Flow/Hydraulics
- Whole Effluent Toxicity Studies

TREATABILITY STUDIES

SOURCE CONTROL

WWTP UPGRADES

BENZENE NESHAP CONTROL PROJECTS

SARA (TRr) EMTSStON REDUCTTON PROJECTS

ZEBRA MUSSEL CONTROL

STORMWATER QUALITY CONTROL PROJECTS

RECEIVI NG WATER CHARACTERIZATION
- Hydraulics
- Chemical Bioavailability
- Aquatic Biological Community & Habitat Characterization
- Background Water Quality

POINT OF APPLICATION ESTABLISHMENT FOR
IN.STREAM WATER QUALIry CRITERIA
(Mixing Zone Delineation)

WASTELOAD ALLOCATION DETE RM INATION

SITE.SPECIFIC WATER QUALITY CRITERIA ASSESSMENT

PRELIMINARY DIFFUSER DESIGN

1 990
1991
1 991

1 991

1 991

1 991

1 990

1 990

1992

1992

1 990
1991
1992
1991

1990

1992

1991

1994

Ongoing
Ongoing

1 993

1994

Ongoing

Ongoing

1994

Ongoing

Ongoing

Ongoing

Ongoing
Ongoing
Ongoing
Ongoing

1997

1997

1993

1994
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TABLE 1-3. MIXING ZONE TERMINOLOGY FOR LAKE MICHIGAN

LAKE CURRENT
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TABLE 1-3. MIXING ZONE TERMINOLOGY (continued)

FOOTNOTESABBREVIATION DEFINITION

( 1 )

(21

(3)

DIMZ

MZ

AAC

cAc

AAC/CAC

Discharge-lnduced Mixing Zone:
Concentrations of toxic substances shall not exceed the CMC outside the zone
of initial dilution ... unless an alternate mixing zone demonstration is
conducted and approved in accordance with 327 IAC 5-2-11.4(bX4), in which
case, the CMC shall be met outside the discharge-induced mixing zone ... (327
tAc 2-1.5-8(bX1 XEXi)).

In no case shall a mixing zone for a discharge into the open waters of Lake
Michigan be granted that exceeds the area where discharge-induced mixing
occurs. (327 \ACS-2-11.4(bX4XC)).

Mixing Zone:
An area contiguous to a discharge where the discharged wastewater mixes
with the receiving waters. Where the quality of the effluent is lower than that
of the receiving waters, it may not be possible to attain within the mixing zone
all beneficial uses which are attained outside the zone. The mixing zone
should not be considered a place where effluents are treated. (327 IAC 2-1.5-
2(55)).

In addition, this is equivalent to the designated mixing zone and the approved
mixing volume. (327 IAC 5-2-1 1.3(bxl XCXiii)(HH) and 5-2-11.7(cX{l).

At all times, all waters outside of the applicable mixing zones determined in
accordance with 327 IAC 5-2-1 1.4(c) through (f) shall be free of substances in
concentrations ... chronically toxic to, or be carcinogenic, mutagenic, or
teratogenic to humans, animals, aquatic life, or plants. (327 IAC 2-1.5-8(bX2)).

For discharges into the open waters of Lake Michigan, ... for allocations based
on acute aquatic life criteria of values, the CMC shall not be exceeded ... ,
unless a mixing zone demonstration is conducted and approved under
subdivision (4), in which case the CMC shall be met outside the alternative
mixing zone. (327 IAC 5-2-11.4(bX2XAXi)).

... chronic criteria or value shall not be exceeded ... unless an alternative
mixing zone is demonstrated ... (327 lAC5-2-11.4(bX2XAXii)).

Historical Footnote:
In the March 23, 1995 federal GLl, USEPA used the term "alternate mixing
zone" to differentiate a demonstrated mixing zone using site information from a
10:1 default dilution. Indiana adopted this terminology but eliminated the
default dilution in its regulations when implementing the GLl.

Acute Aquatic Criteria: Receiving water application point. (327 IAC 5-2-
1 1.4(b)(2XiXAA)).

Criterion Aquatic Concentration: Receiving water application point. (327 IAC
5-2- 1 1 .4 (bl(2Xi i XAA)) ;

For a discharge with an approved altemate mixing zone, acute and chronic
wasteload allocations are calculated using the same mixing ratio. (327 IAC 5-
2-1 1 .a @\a)(B) and (5)).
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AMOCO o|L COMPANY - WHMNG REFINERY
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FIGURE 1.1
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FIGURE 1.2
AREA MAP

AMOCO OIL COMPANY - WHITING REFINERY
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FIGURE 1-3

O WASTEWATER TREATMENT PLANT . WATER FLOW DIAGRAM
AMOCO OIL COMPANY . WHITING REFINERY
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sEciloN 2.0

MIXING ZONE DISPERSION ANALYSIS

Amoco proposes to install a multiport diffuser for the discharge of treated effluent from

Outfall 001. Though it is not necessary to satisfy lndiana mixing zone demonstration

requirements, the use of a multiport diffuser provides an additional amount of

environmental protection by ensuring more rapid and immediate mixing than is provided

by the existing outfall.

2.1 MULTIPORT DIFFUSER MODELING

Amoco has evaluated a proposed diffuser location (Site 53500) in Lake Michigan as

shown in Figure 2-1. The rationale for this site is to maximize mixing with ambient waters

by locating the diffuser in deeper waters where more water volume is available for rapid

mixing than is available at the current Outfall 001. Site S3500 is located in Lake Michigan

approximately 3,500 ft from the current Outfall 001 in water depths measured at 28 to 30

ft. Specific benefits of a multiport diffuser at this location include:

1) The diffuser, by design, provides even more rapid and immediate
mixing in a smallarea.

The diffuser would be located offshore, thereby minimizing plume
contact with Lake Michigan shoreline.

The diffuser site would be exposed to the general nearshore
currenVcirculation patterns that enhance local mixing.

The discharge would be present in deeper waters completely
submerged and surrounded by lake water available for entrainment
(induced mixing). Vertical mixing throughout the water column would
be achieved as the positively buoyant plume rises toward the surface.

ln order to evaluate the dispersion and size of a mixing zone from a multiport diffuser, the

USEPA-endorsed computer model CORMIX, developed by Dr. Gerhard Jirka at Cornell

University, was used for analysis. Specifically, the CORMIX2 expert system was utilized

to determine achievable dispersion at the edge of the Jet Entrainment Zone, the Near-

2)

3)

4)
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Field Zone, and the Far-Field Zone. CORMIX2 calculates plume characteristics (i.e.,

dispersion, plume width) for specific regions (modules) of the mixing zone which are

defined by discharge and ambient water classification criteria. The specific regions are

linked together by transition equations resulting in a complete projection of the plume up to

a user-specified distance. Although several computer models are listed in the USEPA

1991 TSD, CORMIX2 has been commonly used by regulators as a useful analysis toolfor

NPDES permitting. CORMIX2 was also selected because it integrates both near-field and

far-field projections with customized transition equations. The CORMIX2 model also

features additional sensitivity to receiving water boundaries. CORMIX2 provided the

model estimates given in the remainder of this report. As noted in Attachment 1, computer

models usually underestimate achievable dispersion. This overestimate of exposure leads

to a conservative estimate of the evaluation of risk impact.

2.1.1 Model Input Parameters and Diffuser Design

The main criterion for development of an effective diffuser design is to maintain a specific

port exit velocity at the average effluent flowrate. The USEPA 1991 TSD recommends

maintaining a 10 fUsec port exit velocity to ensure rapid mixing. lf the effluent flow rate

and exit velocity are known, the port diameter can be determined for a selected number of

diffuser ports. Table 2-1 presents various configurations for a diffuser discharging the

average Outfall 001 flowrate of 13 mgd. For this analysis, a 90-ft diffuser (approximate

length) with ten 6-in diameter ports spaced 10 ft apart was chosen as an appropriate

design for the Amoco discharge (see Attachment 2). The diffuser is unidirectional with all

10 ports pointing toward the center of the lake (due north, away from shore). The 6-in

diameter ports and 1O-ft port spacing provide standard dimensions for ease of installation

and still maintain a 10 fUsec exit velocity (actually calculated as 10.3 fUsec). Other

configurations could be used for final design; however, port diameters should not be too

small where clogging from debris might occur and spacing should be large enough where

immediate entrainment of adjacent ports is avoided. Modeling results for various diffuser

designs (Table 2-1) revealed slight differences in jet entrainment zone dispersion for

alternate design configurations, yet were within the relative range of accuracy of the model

of the 10 port design.
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Table 2-2 presents the remaining input parameters for the CORMIX2 simulations.

Bathymetry measurements taken May 11, 1994 verified that Site 33500 is located at a

lake depth of 28.5 ft. Longterm average effluent and lake temperatures revealed an

annual average temperature difference of 17 'C. The effluent plume is usually warmer

than the receiving water and a temperature difference of 20 "C was used in the model.

Field measurements of lake temperature and conductivity taken during the long term

bioassessment program (1994 to 1997), as shown in Table 2-3, revealed no significant

temperature or conductivity gradients (i.e., no thermal stratification) in the Lake Michigan

at the 33500 location. Furthermore, field measurements of conductivity confirmed that

differences between the effluent and lake were negligible with respect to density in fresh

water. Therefore plume buoyancy is driven solely by temperature differences. The

positively buoyant condition (effluent temperature greater than receiving water

temperature by 20'C) resulted in the use of a 0 degree (horizontal) port discharge angle,

where the plume rises to the surface and is exposed to the full vertical water column.

Lake velocity (current) in nearshore Lake Michigan is influenced by several forces

(primarily wind) and changes in both speed and direction. Ambient velocity is a significant

mixing force, especially in the far-field zone, as increased lake velocity will increase plume

dispersion. Localized wind currents and along-shore physical features create a

continuously dynamic condition in the lake. For the location of 53500, wind currents

provide the predominant transport mechanism. Based on Midway Airport meteorological

data compiled by NOAA (Attachment 3), the prevailing wind direction for the south end'of

Lake Michigan is out of the south at an average speed of around 10 knots. A general

engineering rule for estimating lake curents generated by surface wind is to multiply the

wind speed by onethirtieth (1/30) to obtain the wind-induced lake velocity. Therefore, this

would result in an average lake velocity of around 0.18 m/sec (0.59 fUsec). A summary of

measured nearshore Lake Michigan currents, primarily for Argonne National Laboratory

studies conducted in the Calumet area, is presented in Table 2-4. For purposes of this

analysis, a condition representing conservative lake velocity (0.10 m/sec) was used. The

0.10 m/sec lake velocity is less than velocity values derived from prevailing wind data and

is consistent with the range of actual measured values.
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2.1.2 Model Results

For the input parameters described above, model runs were conducted for dispersion

estimation as a function of distance from the diffuser at 33500. The model output is given

in Attachment 4 and graphically presented in Figure 2-2. At 53500, the plume is projected

to be fully vertically mixed in the jet entrainment zone (per CORMIX2 classification) and

extends to a distance of one-half of the diffuser length (45 to 50 ft). The one-half to one

diffuser length distance provides a conservative guide for establishing the extent of the jet

entrainment zone, or the Discharge-lnduced Mixing Zone (DIMZ) (1980 Lee and Jirka).

The dispersion projected at this distance is 54:1 for 53500. As discussed in Section 1, the

USEPA's 1991 TSD states that if the travel time through the acute mixing zone (DIMZ) is

less than 15 minutes, then the AAC (based on one-hour exposure) is not exceeded.

CORMIX2 projects a time of plume travel of less than 90 seconds to reach the edge of the

DtMz (45 to 50 ft).

After the jet entrainment zone, the CORMI)€ model projects a transition zone that is

"insignificant in spatial extent and will be bypassed" (see CORMIX Model output,

Attachment 4). Therefore, there is no additional dispersion gained in the transition zone

and the extent of the Near-Field Zone is equal to the extent of the DIMZ. At the DIMZ, the

extent of discharge-induced mixing is equal to 45 to 50 ft from the diffuser where a

dispersion of 54:1 is achieved. Since Indiana law limits the mixing zone to the DIMZ for'a

Lake Michigan discharger, Amoco proposes a mixing zone of 50 feet around the diffuser

structure.

Past the Near-Field Zone, physical mixing continues, and CORMIX2 dispersion projects

into the Far-Field Zone up to a user-specified distance of 3,300 ft. The actual extent of the

Far-Field Zone, used for regulatory application is determined from regulatory definitions,

not from hydrodynamic principles since the plume will continue to disperse at the

molecular level over great distances. The 1991 TSD suggests that the DIMZ occupy 10

percent of the far-field zone, therefore, an appropriate far-field distance of 500 ft can be

established for the Amoco diffuser. At this distance, CORMIX2 projects an effluent

dispersion of 77:1 for the far-field zone. A total mixing zone of 500 feet radius around the

diffuser structure is consistent with USEPA approaches to protecting the environment.

ADVENT 98515/2 2-4 24-Mar-98



SUMMARY

The mixing zone dispersion analysis for a multiport diffuser located at 53500, conducted in

accordance with USEPA guidance, shows that the proposed discharge configuration adds

a margin of safety to protect the quality of the receiving waters compared to the existing

outfall structure. This enhanced environmental protection is due to the rapid and

immediate mixing that occurs within a small area as a result of the diffuser.
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TABLE 2-1. PORT SIZES AND SPACING FOR A gO.FT MULTIPORT DIFFUSER

Note:
10-port diffuser selection based on design experience.

NUMBER
OF

PORTS

EFFLUENT
FLOW

(mgd)

EFFLUENT
FLOW

(cfs)

EXIT
vELOCtTY

(fUsec)

PORT
AREA

(sq ft)

PORT
DIAMETER

(in)

DIFFUSER
PORT

SPACING
(f0

1
2
3
4
5
6
7
8
9

13.0
13.0
13 .0
13 .0
13 .0
13.0
13.0
13 .0
13 .0

20.1
20.1
20.1
20.1
20.1
20.1
20.1
20.1
20.1

1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0

2.01
1 .01
0.67
0.50
0.40
0.34
0.29
0.25
0.22

19.2
1 3 . 6
11.1
9.6
8.6
7.8
7.3
6.8
6.4

90.0
45.0
30.0
22.5
18.0
15 .0
12.9
1  1 . 3

1 0 13 .0 20.1 1 0 0.20 6 . 1 10.0
1 1
1 2
1 3
1 4
1 5

13 .0
13 .0
13 .0
13 .0
13 .0

20.1
20.1
20.1
20.1
20.1

1 0
1 0
1 0
1 0
1 0

0 . 1 8
0 .17
0 . 1 5
0 .14
0 . 1 3

5.8
5.5
5.3
5 .1
5.0

9.0
8.2
7.5
6.9
6.4
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TABLE 2.2. CORMIX2 MODEL INPUT PARAMETERS

PARAMETER VALUE RATIONALE

Effluent flow
Port exit velocity
Number of ports
Port diameter
Diffuser length
Port spacing
Port discharge angle
Diffuser height off bottom
Effluent temperature
Lake temperature
Temperture difference
Minimal lake velocity

13 mgd
10.3 fVsec
1 0
6 i n
90f t
1 0 f t
0 degrees
1.6 ft  (0.5 m)
3 0 ' c
1 0 ' c
20 'c
0.33 fUsec (0.10 m/sec)

Long term average
EPA TSD recommendation
Standard design (Table 2-1)
Standard design (Table 2-1)
Standard design (Table 2-1)
Standard design (Table 2-1)
Optimizes plume buoyancy
Practical estimate
Long term average = 28 "C
Long te rmaverage=11 'C
Conservative input (average = 17oC)
Conservative input (average = 0.59 fUsec)

In each case, selection of each parameter value was made to result in smaller dispersion values than
would have been calculated with average values. The aggregate result is that the dispersion in Lake
Michigan is underestimated herein.
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SECTION 3.0

MIXING ZONE DEMONSTRATION

3.1 INTRODUCTION

To grant a mixing zone, the permittee must provide specific information to assure that a

mixing zone is appropriate for the discharge. The necessary information for a mixing zone

demonstration has been described by USEPA guidance and Indiana state rules to

determine the boundaries of the mixing zone, the magnitude of mixing, the impact of the

mixing zone on the receiving water, and the steps taken to prevent acute impacts to

aquatic life and prevent impairment of the use of the water as follows:

327 lAC 5-2-11.4(bX4XAXi) - Document the characteristics and
location of the outfall structure, including whether technologically
enhanced mixing will be utilized.

327 IAC 5-2-11.4(bX4XAXii) - Document the amount of dilution
occurring at the boundaries of the proposed mixing zone and the size,
shape and location of the area of mixing, including the manner in which
diffusion and dispersion occur.

327 lAC 5-2-11.4(bX4XAXiii) - For sources discharging to the open
waters of Lake Michigan, define the location at which discharge-
induced mixing ceases.

327 IAC 5-2-11.a(bXaXAXiv) - Document the physical including
substrate character and geomorphology, chemical and biological
characteristics of the receiving waterbody, including whether the
receiving waterbody supports indigenous, endemic or naturally
occurring species.

327 IAC 5-2-11.4(bX4XAXv) - Document the physical, chemical, and
biological characteristics of the effluent.

327 IAC 5-2-11.4(bX4XAXvi) - Document the synergistic effects of
overlapping mixing zones or the aggregate effects of adjacent mixing
zones.

327 IAC 5-2-11.4(bX4XAXvii) - Show whether organisms would be
attracted to the area of mixing as a result of the effluent character.

ADVENT 98515/2 3-1 2SMar-98



327 IAC 5-2-11.4(bX4)(BXi) - The mixing zone would not interfere with
or block passage of fish or aquatic life.

327 IAC 5-2-11.4(bX4XBXii) - The level of pollutant permitted in the
waterbody would not likely jeopardize the continued existence of any
endangered or threatened species listed under Section 4 of the ESA or
result ln the destruction or adverse modiflcation of such species
habitat.

327 tAC 5-2-11.4(bX4XBXiii) - The mixing would not extend to drinking
water intakes.

927 IAC 5-2-11.4(bX4XBXiv) - The mixing zone would not impair of
otherwise interfere with the designated uses of the receiving water or
downstream waters.

327 IAC 5-2-11.4(bX4XBXv) - The mixing zone would not promote
undesirable aquatic life or result in a dominance of nuisance species.

327 IAC 5-2-11.4(bX4XBXvi) - By allowing the additional mixing: (AA)
substiances will not settle to form objectionable deposits; (BB) floating
debris, oil, scum, and other matter in concentrations that form
nuisances will not be produced; and (CC) objectionable color, odor,
taste, or turbidity will not be produced.

327 IAC 5-2-11.4(b)(4XC) - In no case shall a mixing zone for a
discharge into the open waters of Lake Michigan be granted that
exceeds the area where discharge-induced mixing occurs.

This information is evaluated to assure that it is environmentally protective to use a mixing

zone for the discharge and to define the point of application of receiving water quality

standards. Also, to assist the Commissioner regarding additional information for assessing

the mixing zone (based on aquatic life, human health, or wildlife), data and references are

presented in Volume ll (submitted August 1994) and in this revised volume.

Amoco proposes that a mixing zone be included in its renewed NPDES permit. The

following discussion describes the physical, chemical, and biological characteristics of the

receiving water (southern Lake Michigan). lt also describes the Amoco Outfall 001

discharge at the proposed diffuser site. These characteristics are analyzed in the context

of the specific points noted in Indiana 327 IAC 5-2-11.4(bX4) to demonstrate that an

appropriate mixing zone can be delineated in southern Lake Michigan consistent with

Indiana rules and USEPA guidelines (1993 WQSH - Chpt 5, 1991 TSD - Chpt 2 & 4).

ADVENT 9851512 3-2 25-Mar-98



3.2 INDIANA MIXING ZONE REGULATORY REQUIREMENTS
(327 tAC 5-2-1 1.4(bX4))

As discussed in Attachment 1, the USEPA provides guidance on determining and

assessing the applicability of mixing zone implementation for a discharge. As shown in

Table 41-1, these USEPA specifications are incorporated into the Indiana Water Quality

Standards. The following text presents the Indiana mixing zone demonstration regulatory

language and Amoco's responses to the requirements.

327 IAC 5-2-11.4(bX4XA)(i) - Document the characteristics and location of the outfall

structure. including whether technologically enhanced mixing will be utilized.

Technologically enhanced mixing will be provided by the use of a state-of-the-art high-rate

multiport diffuser. A high-rate diffuser maximizes mixing and minimizes organism exposure

time. The preliminary design of this diffuser (Attachment 2) includes the following

characteristics:

header length = 90 ft

number of ports = 10

port spacing = 10 ft

portdiameter=6in

diffuser orientation = unidirectionalwith ports pointing due north
(away from the shore toward the center of the lake)

vertical port discharge angle = 0 degrees from horizontal

diffuser height off lake bottom = 1.6 ft

The diffuser will be located about 3,500 ft northeast of the current Outfall 001 at latitude 87'

28.093'W and longitude 41" 40.976'N. These coordinates correspond to Station 53500 of

the current long-term bioassessment program.

3-3ADVENT 9851512 25-Mar-98



327 IAC 5-2-11.4(bX4XAXii) - Document the amount of dilution occurring at the boundaries

of the proposed mixinq zone and the size. shape and location of the area of mixinq.

including the manner in which diffusion and disoersion occur.

The dilution (dispersion) ratio has been optimized by modeling a high-rate submerged

multiport diffuser located approximately 3,500 ft from the current Outfall 001. Dispersion

estimates were derived from the USEPA-supported model CORMIX2 as discussed in detail

in Section 2. Using conservative model input parameters, including plume buoyancy and

lake velocity, CORMDC projected a DIMZ dispersion of 54:1 at a distance of one-half

diffuser length (45 to 50 ft) from the diffuser. The CORMIX2 DIMZ is hydraulically

equivalent to the extent of the Near-Field Zone. Far-Field projections indicated an

appropriate dispersion of 77:l achieved at a distance of 500 ft from the diffuser.

As mentioned previously, since the Outfall 001 diffuser will be a discharge to the open

waters of Lake Michigan, the applicable mixing zone dispersion is capped, as per 5-2-

11.4(bX4XC), at the point where discharged induced mixing ceases. Therefore, the

applicable mixing zone dispersion and distance are reduced to the corresponding

CORMIX2 DIMZ values (54:1 and 50 ft, respectively). The applicable mixing zone would

directly utilize a 541 dispersion for calculating both acute and chronic wasteload allocation

values as presented in 327 IAC 5-2-1 1.4(c).

Amoco proposes delineating a mixing zone that maintains a 50-ft distance from all poirtts

on the diffuser. One can envision the mixing zone plan-view shape as a "racetrack"

surrounding the 9O-ft-long diffuser; one 100 ft x 90 ft rectangle centered over the diffuser

length and one semi-circle area (radius = 50 ft) at each end. For the mixing zone, the

vertical profile would occupy the entire average water depth (28 ft) within this area. A

mixing zone that completely surrounds the diffuser is necessary to accommodate lake

velocities induced by winds of various directions. The mixing zone shape described above

corresponds to lateral area of 0.39 acre. A conceptual sketch of the mixing zone is given in

Figure 3-1.

The mixing zone area would be located about 3,500 ft northeast of the current Outfall 001

at longitude 87' 28.093'W and latitude 41" 40.976'N as shown in Figure 3-2. The mixing

ADVENT 98515/2 34 25-Mar-98



zone would not overlap any adjacent mixing zones or outfalls. Furthermore, the mixing

zone will not contact any shorelines or other receiving waters since they are greater than

50 ft away from the diffuser.

The manner in which diffusion and dispersion will occur is through rapid and immediate

mixing of discharged effluent with Lake Michigan receiving water. The diffuser is designed

to maintain the USEPA-recommended discharge exit velocity of 10 fVsec at average

effluent flowrate (i.e., 13 mgd). This discharge velocity (in excess of ambient velocity)

entrains surrounding Lake Michigan water to effectively mix the effluent within a turbulent

local environment.

327 IAC 5-2-11.4(bX4XAXiii) - For sources discharging to the open waters of Lake

Michigan. define the location at which discharqe-induced mixing ceases.

The diffuser will be located in the open waters of Lake Michigan. Discharge-induced

mixing ceases at the edge of the CORMIX2 DIMZ, which is equivalent to the edge of the

Near-Field Zone where plume velocity approaches ambient lake velocity. For the model

application chosen to simulate initial mixing, plume velocity was not given as a function of

distance from the diffuser. However, based on the research references used to develop

the model equations, the length of the DIMZ ean be defined as one-half to one diffuser

length downstream from the diffuser. For the 90-ft diffuser, this corresponds to a DIMZ

distance of 45 to 90 ft. Amoco proposes a DIMZ distance of 50 ft as a conservative value

consistent with the appropriate means to delineate a mixing zone.

In practice, the exact location where discharge-induced mixing ceases will depend on the

magnitude and direction of the wind-induced lake velocity. To accommodate all potential

lake current directions a mixing zone that surrounds the entire diffuser is proposed. For

this mixing zone, this corresponds to a 0.39 acre area shaped like a "racetrack" that is 50 ft

from all points from the diffuser (see Figure 3-1).
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327 IAC 5-2-11.4(bX4XAXiv) - Document the ohysical including substrate character and

including whether the receiving waterbody suooorts indiqenous. endemic or naturallv

occurring species.

lnformation about the southern part of Lake Michigan has been published in numerous

studies. Attachment 5 is a bibliography of technical documents relevant to this part of the

lake. From a limnological basis, the deeper waters of Lake Michigan (typically termed

"open waters" by limnologists) begin about 5 miles offshore in the southern part of the lake

and respond to several physicalforces (i.e., wind, thermal convection) which, in turn, affect

the chemical and biological characteristics. Nearshore waters are most affected by local

winds and shoreline and topographical features. These differences mean that the

nearshore waters often have different physical, chemical, and biological characteristics

than the deeper open waters. Studies within the nearshore zone, especially along the

Indiana shore, likely provide more accurate information that may readily be extrapolated to

the Amoco site.

Lake Michigan General Characteristics. Several studies have been conducted to

characterize the circulation and transport of Lake Michigan waters. The causes and

characteristics of Lake Michigan currents are dependent upon the location within the lake.

Snow (1974) describes the primary causes of lake transport in the open (deep) waters

(away from shore), such as wind forces, thermal convection, and Coriolis forces (rotation'of

the Earth). Other general lakewide influences include density gradients, weather patterns,

and precipitation.

The open waters of Lake Michigan respond to general seasonal transport patterns.

Thermal convection (vertical stratiflcation) is a significant seasonal influence on general

lakewide mixing and refers to the tendency of lakes to form distinct temperature layers.

Stratification is typically observed in summer and winter. During summer, the surface

waters, warmed by the sun, become less dense than the cooler, deeper waters. A

boundary, known as a thermocline, separates the boftom waters from the surface waters.

Algal photosynthesis in the upper, sunlit layer (the epilimnion) may alter the water

chemistry, increasing dissolved oxygen levels, and decreasing the level of carbon dioxide

and algal nutrients. Biological respiration and excretion below the thermocline (in the
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hypolimnion) tend to decrease dissolved oxygen levels and increase levels of carbon
dioxide and nutrients. This stratification usually ends in autumn when the surface layer
cools and the entire water column can more easily be mixed. During winter, another
stratification may be established with the cooler waters on top of the lake and the warmer
water below. This type of stratification ends in spring. An important feature of this
stratiflcation is the seasonal availability of nutrients, particularly in spring, which can
encourage blooms of algae and their consumers, the zooplankton.

Lateral mixing of open waters results in observable lake currents. Baumgartner (1968), in
conjunction with the Great Lakes Region of the Federal Water Pollution Control
Administration (FWPCA), presented the results of field studies to define the general open
water currents in Lake Michigan. The investigators found that currents do exist in the lake
with complex interrelated flow patterns. Dr. Baumgartner testified: "[currents] vary in
direction and magnitude from surface to depth, from length to width, and from side to side.
The variability in time is significant on a seasonal basis, but important variabilities are also
observed in shorter periods of time, such as days or even hours. Superimposed on the
hourly variation is a continuous process of turbulent mixing of small parcels of water."
Mortimer (1975) notes that the FWPCA report "does indeed present diagrams of average
circulation for various seasons, depths, and wind regimes, but they are of little use for day-
to-day prediction, because of overriding effects of short term fluctuations (internal waves
and responses to local winds) and of the spatial complexity of these motions, particularly

near shore."

Hence, in developing information for modeling dispersion of a discharge into the nearshore
south end of Lake Michigan, there could be multiple influences on lake currents, of which
one is wind induced. For a specific nearshore site (e.g., 53500), mixing dynamics could be
more influenced by conditions near the area than the general lake-wide circulation. Thus in
the CORMIX2 modeling, velocity data was reviewed specific to the area of the proposed
diffuser to corroborate the use of wind-induced velocity as a transport mechanism at
s3500.

To describe the biological characteristics of the receiving waters, Amoco implemented a
Lake Michigan Biomonitoring Program in May 1994 within the area of the proposed diffuser
to further evaluate limnological attributes of the nearshore zone and receiving water in
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support of Volume ll of August 1994. Biomonitoring activities have continued since May

19g4 up to and including April 1997. The Biomonitoring Program was designed to

document the physical, chemical, and biological components of the receiving water,

confirm the observations presented in Volume ll (August 1994), and provide information to

further characterize Lake Michigan at the proposed diffuser location. Key findings of the

Biomonitoring Program that address 327 IAC 5-2-11.4(bX4XA)(iv) are presented below for

the receiving water and supported by the Biomonitoring Program Database and Summary

Report included as Attachment 6.

Nearshore Phvsical Characteristics. Nearshore lake currents, such as those encountered

at the proposed Amoco diffuser site, are caused primarily by localized winds, with less

influence from thermal convection or Coriolis forces. Vertical temperature stratification is

seldom observable in the shallower depths and, if present at all, not maintiained for long

periods. As evident from direct measurements at the study sites, the temperature, pH,

dissolved oxygen, and specific conductivity profiles are uniform over the 28-ft depth with no

direct gradient influences expected. Coriolis forces require travel distances much larger

than the delineated mixing zone to be of any consequence to overall transport.

Boundary effects due to shore and topographical features also dominate lake cunents in

the nearshore area. Nearshore currents will mainly follow the general direction of the wind

and, in the instance of the wind blowing toward the shore, the lake water will deflect to

follow the shoreline. Wind forces of sufficient duration induce ambient velocities through0ut

the water column in shallow lake areas, such as the beach zone near Amoco's existing

Outfall 001 discharge thereby increasing the mixing.

Direct measurements of lake currents near the southwest Lake Michigan shoreline were

made during tracer studies performed by Argonne National Lab in the 1970s. Saunders, et

al. (ANL, "Nearshore Currents and Water Temperatures in Southwestern Lake Michigan

(June - December, 1975)"), conducted continuous current measurements at five mooring

stations located at mid-depth approximately five miles offshore of south Chicago. Currents

in the region were predominately parallel to shore. As an example of typical results, the net

motion of the water during November 17 to December 22,1975 was toward the southeast,
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but at least 11 major current reversals occurred during this period. The average currents

ranged from 0.15 to 0.30 m/sec with maximum observations of approximately 1.0 m/sec.

Other current measurement studies are presented in Table 2-4.

Beach dune areas with gently sloping shores characterize the general lakeshore of the

fndiana portion of Lake Michigan. Snow (1974) described the major substrate component

of the nearshore Calumet area as comprised of sand. Bottom sediments can be

resuspended from wave action and storms, as indicated by increased turbidity of

nearshore waters during these events. Ayers (1967) also described the sediments of the

southwestern corner of the lake to range from silty sand to till, with fine to coarse sands

covering most of the area.

Amoco studies show that the substrate of Lake Michigan in the vicinity of the proposed

diffuser is a flat plane of less than one percent slope that consists of 76 percent sand, 21
percent silt, and 2 percent clay. Gravel or larger sized particles are widely scattered and
typically not encountered. Particle size distributions, presented in Attachment 6, reveal a
mottled distribution of silty sand substrates ranging from 49 to 90 percent sand material.

Divers have observed that the surface of the sand substrate exhibits surge (oscillation)

ripples that are formed in response to wind direction and surface wavelength patterns. The
oscillation ripples change in direction and form when bottom wave velocity is less than 0.76
m/sec and water surface wavelength is greater than twice the water depth. The ripptes at
the study sites typically exhibit a straight orientation over the transect distance observed'at
the study site (1,500 ft) and follow expected patterns of wave refraction from shoreline
obstructions and wind direction (divers' observations). Surface ripples at the study sites
have been observed to be from 2 to 4 inches in height and 3 to 10 inches from crest to
crest and may change daily (divers'observations).

ln summary, the proposed diffuser site is located in the nearshore zone of southern Lake
Michigan approximately 3,500 ft from the shoreline in a relatively flat plain of sand-
dominated substrates susceptible to disruption and re-arrangement by surface induced
turbulence. The diffuser site does not encroach upon any navigation channels (nearest

approximately 6,080 ft distance), docks (closest fishing pier 4,200 ft away), harbors
(closest boat ramp and harbor approximately 5,125 ft away), or water intakes (closest

water intake 1,640 ft away).

ADVENT 9851512 3-9 25-Mar-98



Key findings about the physical characteristics at the proposed diffuser site determined

from the Biomonitoring Program and discussed in Attiachment 6 include the following.

1. Water column measurements at this site indicate complete vertical
mixing over the 28 ft dePth.

2. Stratification of the water column due to temperature or density has not
been observed and likely does not occur.

3. Bottom substrates consist mainly of sand (76 percent) and silt (21
percent) sized Particles.

4. Bottom substrates are frequently moved and re-arranged by currents
and wave action resulting from storms and other water surface
turbulence.

Nearshore Chemical Characteristics. The chemical water quality of the proposed diffuser

site is consistent with expected nearshore conditions for southern Lake Michigan. The

biomonitoring program field studies showed no significant concentration gradients were

present within the water column at the proposed diffuser site. General water quality

parameter concentrations determined in the field indicate characteristics of oligotrophic to

mesotrophic water quality conditions, fully oxygenated fresh water of low to moderate

conductivity, neutral pH, and typical seasonal temperatures. Water chemistry parameters

determined from laboratory analyses of water collected at the study sites are presented in

Attachment 6. The water chemistry data is consistent with USEPA STORET monitoring

data (1982-1995) for many parameters for the Whiting Water Intake Crib. A STORET

inventory retrievalwith summary statistics is given in Attachment 7'

The receiving water quality and water chemistry conditions at the proposed diffuser site

were consistent with IDEM defined background concentrations monitored at the Whiting

Intake (see Table 14). These background concentrations are based on Lake Michigan

monitoring data and indicate that the lake has an assimilative capacity for many

constituents without exceeding the Indiana Water Quality Standards.
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Key findings for chemical characteristics at the proposed diffuser site determined from the

Biomonitoring Program and discussed in Attachment 6 include the following.

Water quality attributes measured in the field and observed water
chemistry concentrations reflected the oligotrophic to mesotrophic
conditions in the region of the proposed diffuser site.

General conditions include high dissolved oxygen concentrations,
neutral pH, low nutrient concentrations, and normal seasonal
temperature fl uctuations.

Secchi disk (transparency) depths were more dependent upon effects
from local wind patterns and storms than chlorophyll-a concentrations
which were frequently less than 1.0 milligram per cubic meter.

Water chemistry parameters did not indicate thermal stratification of the
water column or show horizontalvariation in concentration.

Nearshore Biolooical Characteristics. The extreme southern end of Lake Michigan has

been generally classified as mesotrophic (Great Lakes Water Quality Board, 1977). This

trophic status is intermediate between oligotrophic (clear water, low nutrient concentration,

low biological productivity) and eutrophic (nutrient rich, highly productive). The mesotrophic

classification was based on four criteria: phytoplankton, zooplankton, chlorophyll-a, and

total phosphorus.

The biological characteristics of the receiving water at the proposed diffuser site are

controlled by the natural physical settings. The flat, sandy bottom and naturally constant

turbulence combine to exhibit characteristics of a flooded beach. These conditions result in

a physically unstable habitat which, combined with fluctuations due to seasonal factors,

limit the potential for developing a complex biological ecosystem. Few ecological studies

have been conducted previously of this physically unstable "beach water zone" defined as

less than 30 ft depth and less than two miles offshore (USFWS, 1970).

Amoco's Lake Michigan Biomonitoring Program was based on the concept that the most

exposed communities would be most appropriate to measure (Figure 3-3). Additional

focus was directed toward sessile and drifting organisms because of the greater potential

for exposure to effluent from a fixed-point discharge. Biomonitoring results presented in

Attachment 6 indicated that the phytoplankton drifting assemblage included numerous

tychoplanktonic algae (taxa that persist in the water column but more commonly grow

1 .

2.

4.
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attached to a substrate) that were likely re-suspended from the bottom surface. The

assemblage of phytoplankton and zooplankton taxa were consistent with expectations for

southern Lake Michigan, though their presence and distribution was likely determined

primarily by wind-induced lake currents. Benthic (sessile) organisms in particular showed

low density and species richness. The frequent disruption of the lake bottom from storms

and surface turbulence within the beach water zone effectively created shifting sand

substrates that limited complex benthic community development and productivity. Fish

were seldom observed at the study sitese.

Key findings for biological characteristics at the proposed diffuser site determined from the

Biomonitoring Program and discussed in Attachment 6 include the following:

Fish are not common at the study site. A lack of habitat structure,
refugia, and food resources prevent the diffuser location from attracting
high numbers of fish. Fish observed in the environs of the study site
include non-native gobies and alewives.

The benthos assemblage exhibits low richness, low diversity, and a
patchy distribution with respect to species and abundance.

Spatial and temporal variability of the benthos assemblage was high.

Frequent bottom surface disturbances from surface water wave action
limits development of a complex benthos assemblage. Organisms that
burrow into the substrate to avoid abrasion from shifting sands
(oligochaete worms) or hard-shelled organisms (snails, clams, and
mussels) that are more protected from abrasion appear to be most
common.

The phytoplankton assemblages contain green algae, yellow-green
algae, and diatoms, flagellates and blue-green algae forms. Diatoms
dominate the assemblage. Tychoplanktonic algae re-suspended into
the water column from the sediment surface were common. Richness
and diversity of the phytoplankton were higher than benthos or
zooplankton because of the tychoplanktonic nature of this community.

The zooplankton assemblages exhibited low richness and low diversity.
The zooplankton assemblage consisted of rotifers, cladocera and
copepods. Dominant organisms included the copepod Diacyclops
bicuspidatus fhomasr, Diaptomus sp. and Mesocyclops edax, and the
rotifer Asplanchna hericki. Abundance of these organisms was highly
variable and reflected a highly patchy distribution.

e A summary of representiative fisheries obtained from USFWS (1996) is presented in Attachment E.

1 .

3.

4.

5.

6.
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7. Low values for fish abundance, phytoplankton and zooplankton density,
Secchi disk depth, and chlorophyll-a concentrations were consistent
with characteristic of oligotrophic to mesotrophic conditions for Lake
Michigan at the proposed diffuser site.

327 IAC 5-2-11.4(bX4XA)(v) - Document the physical. chemical. and biological

characteristics of the effluent.

The Amoco Outfall 001 effluent is freshwater with a temperature greater than the receiving

water, thereby resulting in a positively buoyant discharge plume. The long{erm average

effluent flow rate is 13 mgd and the multiport diffuser is designed to maintain a port exit

velocity of 10 fUsec at this average flow rate. The diffuser will be designed to operate and
provide suitable dispersion over an effluent flow range of 7 to 44 mgd. This is the range of

short duration flows observed over three years (1991-1994). Chemical and biological
characteristics of Outfall 001 are presented in Volume I Form 2C PartV and Part Vll of this
NPDES Permit Application. There are two major observations regarding effluent quality: 1)

all maximum bioavailable concentrations of constituents are below the Indiana acute
aquatic criteria; and 2) based on three years of effluent toxicity biomonitoring using
standard USEPA methods and procedures, no acute toxicity has been measured or
observed for the 001 effluent.

327 IAC 5-2-11.4(bX4XAXvi) - Document the svneroistic effects of overlapoinq mixing
zones or the aggreqate effects of adiacent mixing zones.

No mixing zones from other local discharges are located within or adjacent to the proposed

Amoco diffuser mixing zone. The Amoco mixing zone will not contact the Lake Michigan
shoreline or encroach upon drinking water or industrial intakes. The 0.39 acre mixing

zone, which is 50 ft from all points on the diffuser header is about 3,500 ft from the current
Outfall 001 side channel discharge.

327 IAC 5-2-11.4(bX4XAXvii) - Show whether organisms would be attracted to the area of
mixing as a result of the effluent character.

The effluent character will remain the same as currently discharged from Outfall 001.
Temperature differences between ambient lake water and the effluent may attract fish.
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The dispersion modeling estimates used an annual temperature differential of 20o C

between effluent and ambient receiving water. However, heat dissipation through the

3,500-ft pipe and rapid mixing at the diffuser will reduce the temperature differential that

currently exists at Outfall 001. The 10 fUsec exit velocity at the diffuser ports will

effectively create an "avoidance zone" immediately near the diffuser because of the

excess energy expenditure required of fish to persist at this location. The proposed

diffuser conflguration and associated rapid mixing provides a smaller area of attraction

than currently exists at outfall 001.

The mixing zone will not interfere with or block passage of fish or aquatic life. No

migratory routes or preferred passages for fish or benthic organisms capable of self-

dispersion are known to exist in the proposed mixing zone area. The mixing zone will

not interfere with or block passage of aquatic life dependent upon dispersion by currents

and wave action. The size of the mixing zone delineated from the proposed diffuser (0.39

acre, 50 ft from all points on the diffuser header) is minimized to provide rapid and

complete mixing within a small area. Since the mixing zone will be located in an area

unconfined by immediate shoreline or other structures (3,500 ft from the current Outfall

001) and does not contact any shoreline, no obstruction of any migratory routes or

passage of any indigenous aquatic species, including fish, can occur. The 90-ft diffus'er

header located on the lake bottom willalso not be an obstruction to any migratory routes of

any indigenous aquatic species.

The level of pollutant in the waterbody will not jeopardize the continued existence of any

endangered or threatened species or result in the destruction or adverse modifications to

endangered or threatened species' critical habitat. Based on lndiana rules, there are no

bioaccumulative chemicals of concern (BCCs) in the effluent, nor is the mixing zone

327 IAC 5-2-11.4(bX4XB)(ii) - The level of pollutant permitted in the waterbody would not

likely ieooardize the continued existence of anv endangered or threatened soecies listed

fish or aouatic life.

species habitat.
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proposed for BCCs. Threatened and endangered species that are recognized under
Section 4 of the ESA ths\at occur in Indiana are presented in Attachment 9. Organisms
that can occur in the nearshore zone of Lake Michigan that may encounter the mixing
zone include birds, fish, crustaceans, mussels, and gastropods. No fish, crustaceans, or
gastropods listed for the State of lndiana are indicated as federally recognized
endangered or threatened species. The mussels identified as federally threatened or
endangered are supported by critical habitats that exist in flowing waters. The proposed
mixing zone would not be considered a critical habitat or critical food resource for bird
species listed for northern Indiana, which include Peregrine falcon, bald eagle, and
interior least tern.

The Amoco mixing zone will not encroach upon drinking water or industrial intakes. The
0.39 acre mixing zone, which is 50 ftfrom all points on the diffuser headerwill be about
1,640 ft northeast of the City of Whiting/Amoco intake. The diffuser ports will discharge to
the north towards the center of the lake. Amoco Outfall 001 effluent currenfly meets
primary drinking water standards.

Indiana Water Quality Standards are applied to protect and maintain the designated uses
of waters of the state, including Lake Michigan. Lake Michigan is designated for uses as: a
public, industrial, and agriculturalwater supply; full-body-contact recreation; and support for
a well-balanced aquatic community. The water quality criteria (numeric and whole effluent)
presented in 327 IAC 2-1.5-8 are based on protecting these uses of the water. Water
quality standards given in 327 IAC 2-1.5-8 shall apply as defined by their in-stream
derivation at appropriate points based on time, exposure, duration, and frequency.
Attainment of the water quality standards at their appropriate points assures continued all
designated uses of the waterbody. Amoco's mixing zone will not impair or interfere with the
designated uses of Lake Michigan.

the designated uses of the receiving water or downstream waters.
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Lake Michigan is also used as a source of water for drinking water treatment plants' The

nearest point of water intake is the Whiting intake located approximately 1,640 ft from the

proposed diffuser. The mixing zone extends only to a distance of 50 ft from the diffuser.

For those substances with primary drinking water stiandards, which are human health

safety-based, as established by the Federal Safe Drinking Water Act, Outfall 001 maximum

effluent concentrations are already less than these drinking water standards at end-of-pipe

(prior to mixing with Lake Michigan) as presented in Table 3-1. In other words, Outfall 001

effluent contains smaller quantities of these substances than the concentrations given as

the federal primary drinking water standards. Thus, Amoco's projected mixing zone will not

adversely affect Lake Michigan as a source of drinking water.

The mixing zone is not expected to promote undesirable aquatic life or result in a

dominance of nuisance species. With the exception of a beneficial reduction in area for

mixing with receiving water, the character of the effluent will not change from current

Outfall 001 conditions. The promotion of undesirable planktonic or benthic aquatic life, or

dominance of nuisance species has not been observed, detected, or documented for the

existing effluent discharge from Outfall 001. lncreases in resident species or introduced

exotic organisms that could possibly attain undesirable or nuisance status would likely

result from changes in lake-wide water quality or biological dynamics, and not from the

Outfall 001 mixing zone.

Indiana-specific nuisance and non-indigenous species information was unavailable;

however, organisms listed as Species of Concern in the Nonindigenous Aquatic

Nuisance Species State Management Plan (State of Michigan DEQ 1995) that have

been observed or recorded at the proposed mixing zone site are the round goby fish and

zebra mussel. The planktonic spiny water flea has not been recorded at the proposed

diffuser site and distribution of the spiny water flea is dependent upon lake currents. The

round goby fish has been observed after storm events feeding upon amphipod

crustaceans associated with tangles of unattached organic debris transported along the

lake bottom. lt is anticipated that the mixing zone will have negligible effect on the

occurrence or distribution of unattached organic debris along the lake bottom. Zebra

or result in a dominance of nuisance species'
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mussels typically occur on occasional woody debris or small stones that can provide a
solid substrate. The construction of the diffuser header and feeder pipe will cause a
modification to the lake bottom substrate as the pipeline trench is backfilled and
stabilized with rip-rap or similar material that may provide a firm substrate for zebra
mussel colonization. lt is anticipated that areas of firm substrate exposure will be limited
as transport of sand substrate will cover the habitat, hence minimizing overall zebra
mussel colonization. The character of the effluent and mixing zone, though, will not
promote zebra mussel growth over and above current lake conditions and habitat
limitations.

327 IAC 5-2-11.4(bX4XBXvi) - Bv allowing the additional mixing: (AA) substances will not
settle to form obiectionable deposits: (BB) floating debris. oil. scum. and other matter in
concentrations that form nuisances will not be produced: and (CC) obiectionable color.
odor. taste. or turbiditv will not be oroduced.

The current Outfall 001 side channel discharge is subject to provisions in the NPDES
permit whereupon: (AA) substances will not settle to form objectionable deposits; (BB)
floating debris, oil, scum, and other matter in concentrations that form nuisances will not be
produced; and (CC) objectionable color, odor, taste, or turbidity will not be produced. The
current Outfall 001 complies with this permit stipulation. The effluent character from the
proposed diffuser will not change from the current Outfall 001 discharge. Therefore, it is
anticipated that the discharge from the diffuser will meet the following conditions: (AA)

substances will not settle to form objectionable deposits; (BB) floating debris, oil, scum, and
other matter in concentrations that form nuisances will not be produced; and (CC)

objectionable color, odor, taste, or turbidity will not be produced.

327 IAC 5-2-1 1.4(bX4XC) - In no case shall a mixinq zone for a discharqe into the ooen
waters of Lake Michiqan be granted that exceeds the area where discharge-induced
mixing occurs.

As presented above, the Outfall 001 diffuser will be a discharge to the open waters of Lake
Michigan. The applicable mixing zone dispersion is capped to where discharged-induced
mixing ceases. Discharge-induced mixing ceases at the edge of the CORMIXz DIMZ,
which is equivalent to the edge of the Near-Field Zone where plume velocity approaches
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ambient lake velocity. Therefore, the applicable mixing zone dispersion and distance are

reduced to the corresponding DIMZ values (54:1 and 0.39-acre mixing zone 50 ft from all

points on the diffuser header).

3.3 OVERALL SUMMARY

The background information on Lake Michigan, the recent biological studies of the

proposed Amoco multiport diffuser site, and compliance with state regulations and federal

mixing zone guidelines all demonstrate that implementiation of a mixing zone is appropriate

for Outfall001.
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TABLE 3.1. COMPARISON OF OUTFALL OO1 CHARACTERISTICS TO FEDERAL
PRIMARY DRINKING WATER STANDARDS

Notes:
(a) Constituents presented have been detected in Amoco's treated effluent. Other constituents with

federal primary drinking water standards were not detected in the effluent.
(b) EPA National Drinking Water Regulations in 40 CFR Part 141, except where noted.
(c) Action levels from 40 CFR 141 Subpart L

GONSTITUENTS (a) NPDES PERMIT APPLICATION
CHARACTERIZATION DATA

DRINKING WATER MAXIMUM

GoNTAMINANT LEVEL (b)

Maximum Daily
Value

METALS

Arsenic (Total) Ug/L
Barium (Total) pg/L
Beryllium (Total) pg/L
Chromium (Total) pg/L
Copper (Total) pg/L
Lead (Total) pg/L
Nickel (Total) pg/L
Selenium (Total) pgil

2 1
90
2
30

29
1 3
7

45

50
2,000

4
100

1,300 (c)
15 (c)
100
50

OTHER SUBSTANCES

Cyanide (Total)
Nitrate-N - Nitrite-N
Fluorides

pg/L
mg/L
mg/L

1 9
0.5/<1.0

0.3

200
1 0
4
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SECTION 4.0

MIXING ZONE DEMONSTRATION CONCLUSION

Amoco Oil Company, Whiting Refinery has demonstrated that the implementation of a

mixing zone in Lake Michigan for treated effluent, particularly through the use of a high-rate

multiport diffuser, is protective of the environment. This mixing zone will not be

implemented for any bioaccumulative chemicals of concern defined in 327 IAC 2-1.5-6.

The information provided in this volume (Volume ll Revised) demonstrates that a mixing

zone application is appropriate for Outfall 001. In addition, information is provided in this

volume and Volume ll (submitted August 1994) for consideration by the Commissioner that

the mixing zone will not cause harm based on human health, aquatic life, and wildlife

criteria. This conclusion is based on the water quality criteria designated to protect the use

of Lake Michigan and the assessment of the local biological community. The engineering

of the diffuser and resulting dispersion support this conclusion.

The receiving water, Lake Michigan, is designated for use as: a public, industrial, and

agricultural water supply; full body contact recreation; and support for a well-balanced

aquatic community. The water quality criteria (numeric and whole effluent) presented in

327 IAC 2-1.5-8 are based on protecting the uses of the water. lf the criteria are not

exceeded in the receiving water, then the use of the water is not impaired and the

designated use is maintained. As presented in Table 14, the quality of Lake Michigan, as

measured at the Whiting intake, does not exceed the water quality criteria for the listed

substiances. Therefore, the Indiana portion of Lake Michigan does have assimilative

capacity for these Table 1-4 substances. Available assimilative capacity is a prerequisite

for granting a mixing zone.

Another consideration, before proceeding with a mixing zone demonstration, is to confirm

that the effluent quality is equivalent to that established by technology-based limits. That is,

a mixing zone cannot be used to attain technology-based permit limits. As presented in

Table 1-1, Amoco produces treated effluent that meets the existing technology-based

limits. Effluent quality based on historical wastewater treatment plant performance is better
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than technology-based limits. Hence, Amoco is not using a mixing zone in place of

wastewater treatment to achieve technology-based and existing permit limits. The mixing

zone demonstration process for this effluent is appropriate.

The biological community most susceptible with respect to effects of a mixing zone has

been identified by the USEPA as the sessile organisms (e.9., benthic community). The

benthic community has been found to be poorly developed in the vicinity of the proposed

diffuser site due to natural dynamic physical characteristics (e.9., fine sands and

turbulence). The portions of the biological community in this area that are also susceptible

to the effects of a mixing zone are the drifting water column organisms (e.9., plankton).

Plankton are also good candidates for evaluation as they represent primary producers and

primary consumers in this area of the lake. Based on literature review and diffuser site field

studies, the abundance, diversity, composition, and function of the plankton and benthos

biological are typical for a turbulent habitat. ln addition, the evaluation of biological

communities did not indicate an impact that could be associated with the existing Amoco

discharges (presented in Volume ll and Attachment 6). The deeper water and engineered

structure at the proposed mixing zone will induce immediate and more rapid mixing within

an area smaller than the current outfall area, thus providing an additional degree of safety

to the receiving waters. As a result, the continued health of the benthic and planktonic

community is expected.

Amoco has used a scientifically sound approach to identiflT and evaluate possible adverse

consequences from chemical impacts of its Outfall 001 effluent. Acute toxicity has not

been observed in Outfall 001 effluent. Amoco has proposed installation of a new multiport

diffuser system where a mixing zone is defined as a ratio of 54:l within a 50-ft distance.

This proposed improvement over the current discharge structure would mean that mixing

would occur within a small area (0.39 acre). The mixed effluent meets every applicable

standard whether derived to protect human health (e.9., drinking water criteria and

standards and Lake Michigan-specific standards) or aquatic life (e.9., water quality criteria).

Therefore, Amoco has demonstrated that a mixing zone for its Outfall00l effluent is

appropriate and meets the requirements of Indiana rules for a mixing zone, as well as the
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national guidance of the USEPA. The approaches taken by Amoco, and the key findings,
as detailed elsewhere in Volumes I and ll, are briefly summarized below:

Amoco is proposing to install a submerged multiport high-rate diffuser in
28-30 ft of water approximately 3,500 ft from shore to assure rapid and
immediate mixing in a smallarea.

According to the USEPA CORMIX2 model, a discharge-induced
dispersion ot 54:1 will be achieved within 50 ft of the diffuser. This
CORMIX2 DIMZ dispersion can be directly utilized for calculating acute
wasteload allocation values.

The CORMIX2 model predicts a far-field mixing zone dispersion of 77:1
achieved at 500 ft from the diffuser. However, since the Amoco Outfall
001 discharge is to the open waters of Lake Michigan, the far-field
dispersion is reduced to the CORMIX2 D\MZ dispersion (Sa:1) where
discharge-induced mixing ceases (50 ft). The mixing zone dispersion of
54:1 can be directly utilized for calculating acute and chronic wasteload
allocation values.

The proposed diffuser location exhibits a natural, constant turbulence
and unstable sandy substrate. This harsh physical setting limits
development of the benthic community. Hence, potential aquatic
community impacts from effluent may be better detected by focusing
also on the plankton as opposed to only on the benthic community.
Thus, Amoco's biological field assessments have appropriately focused
on the structure and function of the benthos and plankton community.

Based on the findings presented in this report, a mixing zone should be applied to Amoco's
NPDES Permit to derive acute and chronic effluent limitations for Outfall 001.
lmplementation of the mixing zone will continue to protect the designated uses of Lake
Michigan. ln addition, the mixing zone will not cause harm based on human health, aquatic
life, and wildlife. Hence, under Indiana law, Amoco qualifies for a mixing zone.
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ATTACHMENT 1

OVERVIEW OF FEDERAL REGULATIONS AND GUIDANCE

ON USE OF MIXING ZONES

Federal Regulations and Guidance

Regulatory establishment of mixing zones first occuned in the late 1960s and the early

1970s when thermal pollution from steam-electric power plants was of concern. During

the 1970's, following the establishment of discharge limitations based on the Federal

Water Pollution Control Act of 1972, requirements and guidelines were issued to

implement mixing zones that were environmentally protective. The mixing zone concept

was applied more broadly, based on time and exposure assessments, to meet effluent

limitations placed on conservative constituents, such as total dissolved solids (TDS).

During the 1980s, the definition and allowance of mixing zones were again expanded to

include specific constituents for which USEPA had derived receiving water quality criteria.

The USEPA ambient water quality criteria presented in the 1986 QualiU Criteia for Water

(or Gold Book) were the foundation for the lndiana Water Quality Criteria. These criteria

are based on magnitude (maximum and continuous), duration (acute - one hour or chronic

- four days), and frequency (once per three years) statements. This process of integrating

time and exposure with concentration was the basic scientific framework for assuring that

mixing zones are protective to aquatic life. Part of the rationale for defining the point of

application of acute and chronic receiving water criteria using a mixing zone was to allow a

small area (where water quality standards do not apply) to exist without causing adverse

effects to the overall waterbody. The delineation of a regulatory mixing zone was based

on the two areas downstream from an outfall: the Zone of lnitial Dilution, outside of which

no acute toxicity could occur, and total mixing zone, outside of which no chronic toxicity

could occur. The purpose of this mixing zone definition was to minimize the area and time

of exposure a wastewater discharge would have on the local biota.

ln the 1990s, the USEPA reiterated its policy to allow mixing zones in streams, lakes,

estuaries, and oceans for the application of water quality criteria. In the 1992 and 1995

federal Water Quality Standards, 40 CFR 131 Subpart D, and 40 CFR 132 Appendix F,
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the applicability of mixing zones is recognized. Mixing zone concepts have been

confirmed in various guidance documents such as the 1991 Technical Support Document

for Water Quality-based Toxics Control(TSD), the 1993 (updated 1996) Training Manual

for NPDES Permit Writers (TMPW), and the 1993 (updated 1994) Water Quality

Sfandards Handbook (WOSH). These guidance documents present revised and updated

mixing zone concepts that reflect USEPA's policy of integrating effluent chemical

characteristics, whole effluent toxicity, and receiving water bioassessments into the

process of establishing water quality-based effluent limits. In addition, revisions were

made as more scientific information became available on the relationship between time

and exposure of organisms to constituents and the subsequent effects on the organisms

and surrounding ecosystem.

The USEPA rules and guidance for mixing zones recognize that states may adopt mixing

zones and specify the dimensions. As the water quality standards program elements were

clarified by the USEPA, 49 States, including all the states bordering Lake Michigan, have

promulgated regulations to demonstrate whether the use of a mixing zone for defining the

point of application for a receiving water criterion is appropriate in a discharge permit. The

states bordering Lake Michigan allow the use of default mixing zones in the Lake of 10:1

with the demonstration of an altemative mixing zone on a case-by-case basis in

accordance with Great Lakes Water Quality Guidance (per preliminarily adopted lllinois

and Wisconsin regulations and final Michigan regulations).

General Mixing Zone Hydraulic Characteristics

Individual mixing zones are unique to each effluent discharge and to each environmental

setting. The mixing achieved from any effluent discharge can be described from the

information listed below:

Type of effluent discharge structure and configuration;

Effluent physical characteristics (density, flow rate); and

Receiving water hydraulic and physical characteristics (depth, velocity,
density).
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Each effluent plume can be characterized by identifying specific "regions" or areas within

the mixing zone, although the location and configuration will differ for each plume. The

pertinent regions of a mixing zone are:

Near-Field Mixing, including:

a) Jet Entrainment Zone - Typically within a short distance
downstream from the effluent discharge point resulting from
initial momentum of the effluent into the receiving water.
Dispersion is a function of the outfall characteristics.

b) Transition Mixing Zone - A combination of lateral and
gravitational spreading and natural ambient diffusion that occurs
during the transition from jet entrainment mixing to far-field
mixing.

Far-Field Mixing Tone - Longitudinal, lateral and vertical mixing due
to natural receiving water ambient diffusion. Mixing in this area is a
function of receiving water characteristics.

Jet Entrainment Zone

The jet entrainment zone is the initial effluent mixing point in the receiving water. lt

represents the zone in which the maximum reduction in effluent concentration occurs. The

size of the jet entrainment zone is directly related to the difference between initial effluent

velocity (flow) and the receiving water velocity in the discharge area as well as the initial

density difference that exists between the effluent and the receiving water. The rate of

dilution is quite rapid in the first few moments after exiting the discharge point. The width

of the jet entrainment zone is related to the method of discharge with the average

concentration across the plume cross section being about one-half to one-third the

maximum centerline concentration. ln this zone, designers of an outfall can affect the initial

mixing characteristics through manipulation of outfall design variables. Multiport diffusers

are designed so that each diffuser port will act as an individual plume for entrainment prior

to merging. As presented in the USEPA 1991 TSD, the typical design effluent exit velocity

from a diffuser port is around 10 fUsec. For this velocity, the jet entrainment zone for a

diffuser extends to about one diffuser length downstreaml and the diffuser induced

1 Lee, J.H. and G.H. Jirka; "Multiport Diffuser as Line Soure,e of Momentum in Shallow Water", Water Resources

Research, 1980. Vol. 16, No.4, pp.695-708.

1 )

2)
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dispersion that can be obtained within this distance is on the order of a 50 to 100 times

reduction of the effluent concentration. The reduction in effluent concentration based on

the ratio of effluent concentration to receiving water concentration, as predicted or

measured, will be referred to as the dispersion ratio in this report.

The federal regulatory term "ZlD" is analogous to the jet entrainment zone. A typical

definition tor aZlD is a smallarea where rapid and immediate mixing occurs.

Transition Mixing Zone

The transition mixing zone has several hydraulic factors acting on the effluenUreceiving

water mixing regimes. First, the effluent still has momentum that causes turbulent mixing

with the receiving water. The plume also undergoes lateral gravitational spreading that

occurs due to the density difference that may exist between the effluent and the receiving

water. Additionally, the receiving water ambient diffusion forces are working to mix

receiving water and effluent together. The overall mixing process continues at a much

slower rate in this zone. The transition zone, where the effluent discharge still has

influence, slowly transcends into the far-field mixing zone where the receiving water

completely dominates the mixing. The end of the transition zone is the end of the near

field zone.

Far-Field Mixing Zone

As the turbulent effluent plume travels farther away from the source, the effluent

characteristics become less important. Far-field dispersion is totally dependent upon

the receiving water ambient diffusion. Eventually, the effluent will become completely

mixed laterally and vertically in the receiving water by natural ambient diffusion (far-field

dispersive forces). The federal regulatory term of total mixing zone (usually defined in

the far-field zone) is typically associated with the chronic toxicity limit (i.e., outside this

zone, no chronic toxicity may occur) and is usually geographically limited. The

distinction between near-field and far-field is made purely on a hydrodynamic basis. lt is

unrelated to any regulatory mixing zone definitions that address prescribed water quality

standards.
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Mixing Zone Specifications

The USEPA guidance documents recognize the use of mixing zones and state numerous

mixing zone specifications. A summary of some of the specifications, including the goal of

a mixing zone evaluation step and the information to be provided to answer the objective,

is presented in Table A1-1. The focus of USEPA guidance includes:

. Determination of the mixing zone boundaries and analysis procedures;

o Minimization of the size of mixing zones;

o Prevention of lethality to passing organisms;

. Prevention of bioaccumulation problems;

o Recommendation of outfall design;

. Designation of critical design periods for water bodies; and,

. Description of discharge induced mixing and far-field mixing modeling
techniques.

The 1991 EPA TSD specifies that three independently established mixing zone

specifications may apply, which include the following:

1. The jet entrainment zone, which is sized to prevent lethality to passing
organisms. Acute criteria are met at the edge of this zone, and outside
this zone no acute toxicity should occur to aquatic organisms. This
zone is also known as the Zone of Initial Dilution (ZlD).

2. A chronic mixing zone (or total mixing zone) is sized to protect the
ecology of the waterbody as a whole. Chronic criteria are met at the
edge of this zone, and outside this zone no chronic toxicity should
occur to aquatic organisms.

3. A health criteria mixing zone is sized to prevent significant human risks.
This typically implies that mixing zones not encroach on drinking water
intakes nor result in significant health risks to average consumers who
might uptake sufficient quantities of fish and shellfish that may be
reasonably expected to reside in the affected zone for sufficient
exposure periods. These exposure periods would result in a net
bioaccumulation of constituents that could subsequently result in a
human health risk.
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The mixing zone size may be limited by any single specification or all three of these

specifications.

The 1991 TSD provides the guidance for assessing and defining mixing zones, the

application criteria to mixing zones, and recommendations for outfall design. TSD

Section 4, "Exposure and Wasteload Allocation," discusses assessment of mixing zones in

receiving waters. In the overview, the EPA divides the transport of treated effluent in a

waterbody into two stages:

o First - mixing and dilution as determined by the initial momentum and
buoyancy of the discharge. As previously presented in this report, this
is called the jet entrainment zone which is analogous to the Zone of
lnitial Dilution.

o Second - the area in which the effect of initial momentum and buoyancy
is overridden and the wastewater is mixed primarily by ambient
turbulence. ln this report, this is the far-field mixing zone or total mixing
zone.

The EPA recommends that regulatory agencies evaluate mixing and outlines methods to

evaluate dispersion and set mixing zones in Section 4 of the TSD. Several computer

models are recommended for mixing zone analyses. These models were developed to

divide the entire mixing region into several zones with distinct behavior (such as individual

mixing processes in the near-field and in the far-field). Each model requires some

schematizations of the complex and arbitrary ambient and discharge conditions that m'ay

prevail at any discharge site. These schematizations are needed to conform to the

requirements of the individual models. There are two main groups of zone models

commonly used to evaluate mixing: integrated zone models and jet integral models. The

integrated zone model,lgg2 Cornell Mixing Zone Expert System2 CORMIX2, was used to

evaluate the mixing between treated effluent discharged through a multiport diffuser and

Lake Michigan. Modeling rationale is further discussed in Section 2 of this volume.

' Akar, P.J. and G.H. Jirka 1992. "CORMIX2: An Expert System for Hydrodynamic Mixing Zone Analysis of

conventional and Toxic Submerged Multiport Diffuser Discharges", Technical Report, USEPA, ERL, Athens, GA.
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The allowable size of a mixing zone is determined on a case-by-case basis, taking into

account the critical resource area that needs to be protected and the assimilative capacity

of the receiving water. As a mixing zone is used to define the point of application of

receiving water criteria, it is necessary to first determine that the receiving water meets the

criteria for its designated use. As presented in Table 14 (Section 1 of this volume),

average Lake Michigan background concentrations are less than the concentrations

allowed by the water quality criteria established to protect the use of Lake Michigan. This

comparison between background concentrations and water quality standards confirms that

the receiving water has available assimilative capacity, and therefore can incorporate a

delineated mixing zone.
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CORMIX2 PREDICTTON FTLE:

Subsystem CoRMIX2:
v e r s i o n :

CORNEI,L MIXING ZONE EXPERT SYSTEM
Subsystem

D i f  f u s e r  D i s c h a r g e sS u b m e r g e d M u l t . i p o r t
C M X 2  v . 2 . L 0  M a y _ 1 9 9 3

ENVIRONMENT PARAMETERS (MCI iC UNitS)
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H A  =  8 . 6 9  H D  =  8 . 5 9

U A  =  . 1 O O F  =  . 0 4 7 U S T A R =  ' 7 6 4 ' 7 8 - 0 2

U W  =  2 . 0 0 0  U W S T A R =  . 2 L 9 8 E - 0 2
. Uniform densit,Y environment

STRCND= U RHOAf{ = 999 '7OI9

DTFFUSER DISCI{ARGE PARAMETERS (MCTTiC UNitS)
DITYPE=unidire ct  ional jerpendicul  ar
BETY PE =uni di rec t i onal-wi Ehout-f anning
BANK = IJEFT DISTB = 1083 '  70 YB1 =

CASE DESCRIPTION
SiEe name/ Iabe l :
D e s i g n  c a s e :
FII,E NAI'TE:
Time of Fortran run:

SITE^B
0 .  L 0 m p s
cormix\sim\si tebvg .  cx2
0 7  /  2 2  /  9 4 -  - L 2  : 0 3  : 3 2

SPAC
. 018 I{0
. 0 0

9 0 . 0 0
. 5 5 9

. 4 0 5 5 8 + 0 1  G P O
PERCENT

. 0 0 0 0 8 + 0 0  K D

GAIVIMI\ =
SIGI'I4 =

9 0 . 0 0  T H E T A  =
. 0 0  B E T A  =
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=  . 1 5 2  A 0  =

1 0 7 0 . 0 0  Y B z
=  3 . 0 4
-  . 5 0

=  . 5 5 9 0 8 + 0 0
=  . 3 9 7 8 E - 0 1
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=  I O 9 7 . 4 0

(metr ic  un i rs)
-  . 8 2 6 0 E - 0 3  S I G N , J O  =  1 . 0

=  5 . 5 1
=  9 9 9 9 9 . 0 0

=  3 1 . 3 5

U 0  =  3 . 1 3 5  Q 0  =
RHOO = 995.6470 DRHOO =
C 0  =  . 1 0 0 0 8 + 0 3  C U N I T S =
I P O L L =  1  K S  =

FLUX VARIABIJES - PER I'NIT DIFFUSER I,ENGTH
q 0  =  . 2 0 7 7 8 - O l  m 0  =  . 5 5 L 2 8 - 0 L  j 0
Assoc ia ted  2-d  length  sca les  (meters )
I Q = B  =  . 0 0 7  I M  =  7 - 3 8
l m p  =  9 9 9 9 9 .  o o  l b p  =  9 9 9 9 9 . 0 0

FLUX VARIABI,ES - ENTIRE DIFFUSER (MCETiC UNiTS)

Q O  =  . 5 5 9 0 E + 0 0  M O  =  . 1 ? 8 4 E + 0 1  ' f 0  =  ' 2 2 6 3 E - O L

Assoc ia ted  3 -d  l eng th  sca les  (me te rs )

L Q  -  . 4 3  L M  =  L O  - 2 6  L m  =  1 3 . 3 5  L b  =  2 2  - 5 3
L m P  =  9 9 9 9 9 . 0 0  L b P  =  9 9 9 9 9 . 0 0

1m
1 a

NON-DIMENS IONAT PARJNVIETERS
F R O  =  1 9 3  -  1 8  F R D O  =  4 0 . 3 2
(s lot )  (PorE /nozzLel

FLOW CLASSIFICATION

2
2

MV2
8 . 6 9

2 F low c lass  (CORMIX2)  -

2 Appl icable laYer dePth HS =



MrxrNG zoNE / TOXIC DILUTTON
C 0  =  . 1 0 0 0 E + 0 3  C U N f T S =
NTOX = Q
NSTD = 0
REGMZ = Q
XfNT =  1000.00  XMA)(  =

X-Y-Z COORDTNATE SYSTEM:

/ REGION OF INTEREST PARAMETERS
PERCENT

1 0 0 0 . 0 0

oRrGrN is rocat,ed at,  E,he boE,tom and Ehe di f  fuser mid-poinE,:

.-*i3 
tno"ri."t';3J3;,:""fr: 

"o-1T.!fTii;." Eo 'erE, z---*i= poinrs
upward.
NSTEP = 20 display intervals per module

BEGrN MOD201: DIFFUSER DISCHARGE MODUIJE

Pro f i le  de f in i t ions :
Bv = Gaussian L/e (37+) half-width, in vert , ical  plane normal to

c ra jec to ry
BH = Eop-hat half-width, in horizontal  plane normal co Erajectory
S = hydrodlmamic centerline dilution
C =  center l ine  concent ra t ion  ( inc ludes  reac t ion  e f fec ts ,  i f  any)

x
. 0 0

Y
. 0 0

z
. 5 0

S C
1 . 0  . 1 0 0 E + 0 3

BV BH
. 0 1  1 3 . 7 0

END OF MOD201: DIFFUSER DrSCI{ARGE MODIILE

BEGIN vtOD2TL: ACCELERATTON ZONE OF UNIDIRECTIONAIT CO-FtOWING DfFFIISER

In t ,his lateral ly cont,racEing zone the di f fuser plume becomes VERTfCALLY
FI]LLY

MIXED over the ent, i re layer depth (HS = 8. G9m) .
Fulr  mixing is achieved aft ,er a plume distance of about,  f ive
layer depths from the di f fuser.

P r o f i l e  d e f i n i E i o n s :
BV = layer depth (vert ical ly mixed)
BH = Eop-haE half-width, in horizont,al  plane normal Eo crajectory
S = hydrodynamic average (bulk) dilution
C = av€r€19€ (bu1k) concentraEion ( includes react ion effects,  i f  any)

x
. 0 0
. 6 9

1 . 3 7
2 . 0 6
2 . 7 4
3  . 4 2
4 . L L
4 . 8 0
5 . 4 8
5 . L 6
5 . 8 5

Y Z S C B V B H
. 0 0  8 . 5 9  1 . 0  . 1 0 0 E + 0 3  8 . 5 9  1 3 . 7 0
. 0 0  8 . 5 9  5 4 . 0  . 1 8 5 E + 0 L  8 . 6 9  1 3 . 3 5
. 0 0  8 . 5 9  5 4 . 0  . 1 8 5 8 + 0 1  8 . 5 9  1 3 . 0 5
.  o 0  8 . 6 9  5 4 . 0  . 1 8 5 E + 0 1  B .  G 9  t 2 . 7 9
. 0 0  8 . 5 9  5 4 . 0  . 1 8 5 8 + 0 1  8 . 5 9  L 2 . 5 6
. 0 0  8 . 5 9  5 4 . 0  . 1 8 5 8 + 0 1  8 . 5 9  L 2 . 3 6
. 0 0  8 . 6 9  5 4 . 0  . 1 8 5 8 + 0 1  8 . 6 9  t 2 . L g
. 0 0  8 . 6 9  5 4 . 0  . 1 8 5 8 + 0 1  8 . 5 9  L 2 . 0 3
. 0 0  8 . 6 9  5 4 . 0  . 1 8 5 E + 0 1  8 . 5 9  1 1 . 8 9
. 0 0  8 . 6 9  5 4 . 0  . 1 8 5 E + 0 1  8 . 5 9  ] - L . 7 6
. 0 0  8 . 6 9  5 4 . 0  . 1 8 5 8 + 0 1  8 . 5 9  L 1 . 0 5



Cumulati-ve t,ravel time

8 . 5 9  5 4 . 0  . 1 8 5 E + 0 1
8 . 6 9  5 4 . 0  .  L B S E + O 1
8 . 5 9  5 4 . 0  . 1 8 5 8 + 0 1
8 . 6 9  5 4 . 0  . 1 8 5 E + 0 1
8 . 5 9  5 4 . 0  . 1 8 5 8 + 0 1
8 . 5 9  5 4 . 0  . 1 8 5 E + 0 1
8 . 6 9  5 4 . 0  . 1 8 5 8 + 0 1
8 . 6 9  5 4 . 0  . 1 8 5 8 + 0 1
8 . 5 9  5 4 . 0  . 1 8 5 E + 0 1
8 . 5 9  5 4 . 0  .  L 8 5 E + 0 1

=  8 7 .  s e c

7  - 5 3
8 . 2 2
I  . 9 1
9 . 5 9

L 0 . 2 8
L 0 . 9 6
1 1 . 6 5
L 2 . 3 3
1 3  . 0 2
1 3 . 7 0

. 0 0

. 0 0

. 0 0

. 0 0

. 0 0

. 0 0

. 0 0

. 0 0

. 0 0

. 0 0

8 . 5 9
8 . 5 9
8 . 6 9
8 . 5 9
8 . 6 9
8 . 5 9
8 . 5 9
8 . 5 9
8  . 6 9
8 . 6 9

1 r . . 5 5
L L  . 4 7
r _ 1 . 3 9
1 L . 3 3
L L . 2 9
L L . 2 5
I ) . . 2 2
L L . 2 L
1 - r . 2 0
1 r _ .  1 9

END OF VIOD2TL: ACCELERATTON ZONE OF T,NIDTRECTIoNAL co-FLowTNG DIFFuSER

BEGrN MOD251: Df FFUSER PIJUME IN CO-FLOW

Phase  1 :  Ve r t i ca l l y  m ixed ,  phase  2 :  Re -sEra t i f i ed

Phase 2: The flow has RESTRATTFTED at the beginning of trhis zone.

This f low reg'ion is
by-passed.

END OF MOD251: DfFFUSER

**  ENd Of NEAR-FIELD REGION (NFR) **

T!:__i l t !1al-  plume wrDTH values in the nexr far- f ie ld module wi l l  be
-coRREcTED b-y a facEor 1.58 tso conserve the mass f lux in the far- f ie ld!The correct ion fact,or is qui te large because of Ehe smalL ambientveloci tsy

relaEive to the strong -mixing character ist ics of the discharget
This indicates local ized REcrRcuLATroN REGToNS and. internal hydraul ic.JIJMPS.

BEGfN MOD241: BUOyAIIT AMBfENT SPREADING

Prof i le  de f in iE ions :

PV = top-hat thickness, measured verC.ical Iy
! l  = Eop-hat harf-sr idt ,h,  measured horizoncirry in y-direcEion
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinaEe)
S = hydrodynamic average (bulk) dilution
c = d'V€f,dEI€ (bulk) concenErat ion ( includes react, ion effect,s,  i f  any)

fNSIGNIFICAI.IT in spatial extent and, wiIl be

PLI]ME TN CO-FLOW



Plurne Stage 1 (not bank

x Y Z
1 3  . 7 0  . 0 0  8 . 5 9
5 3  . O 2  . 0 0  8 . 5 9

1 1 2  . 3 3  . 0 0  L  5 9
r . 5 1  . 5 5  . 0 0  8 . 6 9
2 r o  . 9 6  . 0 0  8 . 5 9
2 6 0 . 2 7  . 0 0  8 . 5 9
3 0 9  . 5 9  . 0 0  8 . 5 9
3 5 8  . 9 0  . 0 0  8 . 6 9
4 0 8  . 2 2  . 0 0  8 . 5 9
4 5 7  . s 4  . 0 0  8 . 5 9
s 0 6  . 8 5  . 0 0  8 . 5 9
5 5 5  . 1 6  . 0 0  8 . 5 9
6 0 5  . 4 8  . 0 0  8 . 6 9
6 5 4 . 7 9  . 0 0  8 . 6 9
? 0 4  . 1 1  . 0 0  8 . 6 9
7 5 3  . 4 2  . 0 0  8 . 5 9
8 0 2  . 7 4  . 0 0  8 . 6 9
8 5 2  . 0 5  . 0 0  8 . 5 9
9 0 1  . 3 7  . 0 0  8 . 5 9
9 5 0 . 5 8  . 0 0  8 . 6 9

1 0 0 0 . 0 0  . 0 0  8 . 6 9
Cumulative E,rave1 Eime =

atEached) :

s c
5 4 . 0  . 1 8 5 8 + 0 L
6 5 . 3  . 1 5 1 8 + 0 1

7 2 . 8  . 1 3 7 8 + 0 1
7 7  . 8  . 1 2 9 8 + 0 1
8 2 . 2  . L 2 2 E + 0 L
8 6 . 4  . 1 1 5 E + 0 1
9 0 . 5  . 1 1 0 8 + 0 1
9 4 . 9  . 1 0 5 E + 0 1
9 9 . 5  . 1 0 1 E + 0 1

1 0 4 . 3  . 9 5 9 8 + 0 0
1 0 9 . 4  . 9 1 4 E + 0 0
1 l - 5 .  0  . 8 7 0 8 + 0 0
L 2 O . 9  . 8 2 7 E + O O
I 2 7 . 2  . 7 8 5 E + 0 0
1 3 4 . 0  . 7 4 6 E + 0 0
1 4 1 . 3  . 7 0 8 8 + 0 0
L 4 9 . L  . 6 7 1 E + 0 0
L 5 7  . 3  . 6 3 6 E + 0 0
t 5 6 . L  . 6 0 2 E + 0 0
1 7 5 . 5  . 5 7 0 E + 0 0
1 8 5 . 4  . 5 3 9 8 + 0 0

9 9 5 0 .  s e c

zv zL
8 . 5 9  . 0 0
8 . 5 9  3 . 9 4

8 . 5 9  5  -  0 3
8 . 6 9  5 . 5 8
8 . 6 9  5 . 9 2
8 . 5 9  5 . 1 4
8 . 5 9  5 . 3 0
8 . 6 9  6 . 4 2
8 . 5 9  5 . 5 0
8 . 6 9  5 . 5 5
8 . 5 9  5 . 6 0
8 . 6 9  6 . 6 2
8 . 6 9  6 . 6 3
8 . 5 9  6 . 6 3
8 . 5 9  6 . 6 2
8 . 5 9  5 . 5 0
8 . 6 9  5 . 5 8
8 . 6 9  6 . 5 4
8 . 6 9  5 . 5 0
8 . 5 9  6 . 4 6
8 . 6 9  6  . 4 L

1 0 0 0 . 0 0  m .

BV
8 . 5 9
4 . 7 5

3  . 6 6
3 . 1 1
2 . 7 7
2 . s 5
2 . 3 9
2 . 2 7
2 . L 9
2 . t 3
2 . 0 9
2 . O 7
2 . 0 6
2 . O 5
2 . O 7
2 . 0 9
2 . L L
2 . t 5
2 . L 9
2 . 2 3
2 . 2 8

BH
t 7 . 6 8
3 9 . 5 8

5 5  . 5 5
7 L . L 5
8 4 . 3 4
9 6 . 5 4

1 0 7 . 9 8
1 1 8  . 8 2
L 2 9 . L 7
1 3 9 . 0 9
t 4 8  . 5 6
L 5 7 . 9 1
1 6 6 . 8 8
L " 7 5 . 6 L
L 8 4 .  1 1
L 9 2  - 4 2
2 0 0 . 5 3
2 0 8 . 4 9
2L5 -29
2 2 3 . 9 4
2 3 L . 4 7

o

simulat ion l imit  based on maximum specif ied distance
This is the REGION OF INIEREST l imitaEion'

END OF MOD241: BUOYAI{T AMBIENT SPREADING

CORMIX2: Submerged Multr iport  Dif fuser Discharges End of Predict ion Fi le
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1.0 INTRODUCTION

Monitoring of near-shore Lake Michigan was continued following submittal to IDEM of the
NPDES Permit Renewal Application for Amoco Oil Company in August 1994. Subsequent lake
studies near Amoco's proposed multi-port diffuser were conducted to document lake
characteristics and provide ecological data in support of a more complete description of existing
ecological conditions. Physical, chemical, and biological samples were collected and analyzed
from an area proposed as the site for the NPDES multiport diffuser. This monitoring program
also provides data to address application requirements recently implemented with the adoption
of the Great Lakes lnitiative.

The monitoring program was designed to meet the following objectives:

1. Provide new information supplemental to the Permit Renewal Application (ADVENT
1994) with respect to characteristics of Lake Michigan at the proposed location of the
multiport diffuser.

2. Document the natural variability of physical, chemical, and biological attributes of
southern Lake Michigan at the location of the proposed multiport diffuser.

3. Support and augment the findings presented in Volume ll NPDES Permit Renewal
Application Mixing Zone Demonstration (ADVENT 1994).

2.0 STUDY SITES

Two study sites were chosen to represent Lake Michigan in the region of the proposed diffuser.
Site 53500 was included in Attachment 5 Bioassessment Data Summary of Volume ll (ADVENT
1994) and was retained as a monitoring study site. Site C3501 was established to investigate
spatial variation in physical, chemical, and biological characteristics for southern Lake Michigan
in the proposed diffuser area. A general description for each study site is given below and
shown on Figure 2-1.

o 53500: Located approximately 3,500 feet from Amoco Outfall 001 along a magnetically
corrected compass heading of approximately 39" at Longitude W87o 28.093' and
Latitude N41o 40.976'. The 53500 site area is shown on Sheet 29 of National Oceanic
and Atmospheric Administration (NOAA) Recreational Chart 14926 (January 20, 1990).
Geographical Positioning System (GPS) coordinates shows the distance to be 0.27
nautical miles (1,640 feet) from the Amoco intake buoy.

. C3501: Located approximately 3,500 feet from Amoco Outfall 001 along a magnetically
corrected compass heading of bearing of approximately 18o at Longitude W87o 28.349'
and Latitude N41o 41.149'. Sites C3501 and S3500 are separated by a distance of
approximately 1,500 feet along a bearing of 311.5 from magnetic North. The site C3500
area is shown on Sheet 29 of NOAA Recreational Map 14926 (January 20, 1990).

Positioning at the sites was accomplished by visual sightings on numerous landmarks for
monitoring activities during May 1995. The coordinate position for site S3500 was established
using GPS during November 1995. The coordinate position for site C3501 was established
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using GPS during October 1996. Measured total depth at both S3500 and C3501 were
consistently between 28-30 feet.

2.1 Sample Site Selection

The locations of study sites 33500 and C3501 were selected because they met the following
objectives:

. Represent a realistic location in Lake Michigan selected for installation of the proposed
multiport diffuser.

. Representative of physical, chemical, and biological characteristics of the near-shore
area for southern Lake Michigan west of Indiana Harbor Ship Canal.

o Are not influenced by existing discharges to or intakes from Lake Michigan.

The study site locations were selected following a study of the area, including (1) an intensive
sonar survey to record bottom topography, (2) a diver-assisted visual survey to evaluate
substrate homogeneity, and (3) evaluation of diver-collected sediment samples for visual
inspection for homogeneity. Two study locations were identified specifically to expand the
spatial scale of the data to better represent a large area of Lake Michigan.

2.2 Physical Description of General Study Area

Physical characteristics of the study site can be influenced by lake-wide pattems as well as
shoreline related effects. Lake-wide currents, seasonal wind pattems, thermal convection and
Coriolis forces that influence the deeper open waters of southern Lake Michigan also contribute
to the physical conditions at C3501 and S3500. However, in the near shore zone (up to one
mile from shore) the influence from localized storms in combination with shallow waters often
greatly affect physical conditions in the study area because of the relative close proximity to the
shoreline. For example, localized storms and wind currents may induce highly variable currents
and turbulence in the shallow near-shore waters but have negligible effect on deeper lake-wide
currents or stratification, which are influenced more by seasonal wind and storm patterns.
Shoreline currents mainly follow the direction of the wind, and in the case of localized wind
blowing toward the shore, the lake water will deflect to follow the shore contour (Saunders ef a/.
1976). Sites C3501 and S3500 are approximately 3,500 feet from shore in 28-30 feet of water.
This region is in close proximity to the shoreline and reflects best a flooded beach. \Mnds and
shoreline cunents are likely more pronounced at the study site than for the outer near shore
zone of southern Lake Michigan.

\Mnds and currents at the study area typically result in wave turbulence to the lake bottom and
promote complete mixing throughout the water column at sites C3501 and 33500. The study
site bottom is flat, with sediment dominated by small grain sand and some silt that is easily
disturbed and re-suspended into the water column. Sediment material suspended in the water
column have resulted in underwater visibility problems and low Secchi disk depths following
periods of moderate to strong local winds. Stratification of the water column or formation of a
thermocline is short lived, if present. Measurements at the study sites even during calm periods
have shown uniform temperature, conductivity and dissolved oxygen profiles indicating complete
mixing of the water column.
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The trophic status of southern Lake Michigan has been classified as mesotrophic (Great Lakes
Water Quality Board, 1977). This trophic status in intermediate between oligotrophic (clear
water, low nutrient concentration, low biological productivity) and eutrophic (nutrient rich, highly
productive). Measured densities and community composition for phytoplankton, zooplankton,
chlorophyll a concentration, and water chemistry parameters from the water column at the study
sites are consistent with the mesotrophic trophic status.

The benthos assemblage (organisms living on and in the sediments) is poorly developed. The
uniform, sandy bottom composition and constant disturbance at the sediment surface from
currents and wave action create an unstable and harsh habitat. The benthos includes midge
larvae (Chironomidae), worms (Oligochaeta), snails (Mollusca), and small clams (Pelecypoda).
The exotic Zebra mussel (Dreissena potymorpha) has been infrequently collected when the
sample contains a piece of gravel or buried wood debris. The benthic organisms are subjected
to continuous habitat disruption and abrasion from the bottom material and typically show a
patchy distribution with low density and species richness. Ripples on the surface of the
sediment that conform to the direction and velocity of induced wave action or currents are a
characteristic feature of the bottom surface.

3.0 SEDIMENT

3.1 Sediment Collection Methods

Starting in November 1995, sediment samples at 53500 and C3501 were hand collected by a
self-contained underwater breathing apparatus (SCUBA) diver using a coring device made of
2.5-inch-diameter by 8-inch-length (5 cm X 20 cm) polyvinyl chloride (PVC) pipe. The use of the
coring device minimized loss of sampled material and maximized sampling efficiency. All
samples were cotlected as 4-inch cores and capped undenrater prior to extrusion from the
bottom material.

A sampting grid was configured using depth contours and specifications for the proposed
multiport diffuser mixing zone. The grid approach optimized sample collection for a maximum
spatial area. The grid configuration used a benchmark point 'B-0' that represented the
longitudinal center of the 90-foot-long diffuser. Two 7S0-foot-long transects (B+ and B-) were
established at right angles to the longitudinal axis of the diffuser, and a third (D+) as an
extension of the diffuser axis (Figure 3-1). Sediment sample points were selected at 0, 25,75,
125,250,500, and 750 feet from the center point of the diffuser (zero position being common to
allthree transects). Four additional 7S-foot-long transects (A+, A-, C+, and C-) were established
from each end of the proposed diffuser location and perpendicular to the diffuser axis. Sediment
sample points were selected at 0, 25, and 75 feet from the diffuser along these four transects
(site D+25 being common to zero position of the A+ and A- transects). A total of 28 sample
positions were configured. Figure 3-1 shows, as an inset, the general location of 53500, the
overall configuration of the sampling position matrix, and detailed sampling positions

surrounding the proposed diffuser location.

For sediments, an extensive sediment characterization was conducted at 33500 during
November 1g95 when all28 sample positions were used for sediment collection and analyses.
A total of 72 sediment samples were collected at S3500 to evaluate sediment composition
variation on three spatial scales: 0-6 inches apart, 3-6 feet apart and 25 feet apart, or greater'
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Sediment samples collected to evaluate variation at 2 inches distance (5 cm) consisted of three
replicate cores taken adjacent (i.e., PVC pipe touching) to each other. These adjacent cores
were identified as replicates A, B, and C. Samples collected to evaluate variation on a scale of
3-6 feet apart (1.8 meters) consisted of three replicate cores (separated by approximately 3 feet
each) taken at arm-length distance in random directions from the adjacent samples. These
samples were identified as replicates D, E, and F. Four of 28 sample positions (A-25, 80, C+25
and 8+750) were selected for collecting replicates A through F. Two replicate sediment
samples collected approximately 1 meter apart were obtained at all 24 remaining sample
positions shown in Figure 3-1. These samples were used to evaluate composition variability at
25 feet or greater distance, and to maximize spatial sampling for sediment composition
analyses.

Statistical tests were used to independently determine significance for differences among the
four intensively samples sites based on replicates A, B, and C (adjacent samples) and based on
replicates D, E, and F (3-6 foot samples). Results of f-tests for statistical differences in mean
percent composition of sand, silt, clay, and gravel between the 0-2 inch samples and the 3-6
feet samples showed the following:

1. No statistical differences were found among four sampling positions for mean percent
composition of sand, silt, clay, and gravel based on sediment samples representing 6
square inches (98 cmz) from each sample location.

2. No statistical differences were found among four sampling positions for mean percent
composition of sand, silt, clay, and gravel based on samples representing approximately
6 square feet (0.55 m2) from each sample location.

3. No statistical differences were observed in mean percent composition of sand, silt, clay,
and gravel between samples representing 6 square inches (replicates A, B, and C) and
samples representing 6 square feet (replicates D, E, and F) from four identical sample
locations.

4. Sample data for replicates A through F collected from sites A-25, B0, C+25, and 8+750
may be combined to represent an area of approximately 7.5 X 104 square feet to further
refine the particle size composition characteristics for the sample site.

Differences in mean percent composition between the area represented by the 7 .5 X 104 square
foot area (24 sediment samples) and the remaining sample positions at 53500 (48 sediment
samples) were evaluated using the statistical f-test for each of sand, silt, and clay and
\Mlcoxon's Rank Sum non-parametric test for gravel. Statistical test results showed no
significant differences in mean percent composition for each of the particle size categories.

Based on the above findings, a description for the sediment composition was generated using
the entire suite of sediment samples collected 3-6 feet apart from sites A-25, B0, C+25, and
8+750, and all samples from the B- and B+ transect (34 sediment samples). Sediment samples
collected from the D+ transect were not analyzed, and thus, not used to characterize the
sediment composition at 53500.

The sediment survey indicated the number of sediment samples that could be reduced without
loss of information due to the relative homogeneity of the sediment. However, a large spatial
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area was needed to adequately characterize the benthos community assemblage. During June
1996, sediment was collected from 53500 at 75, 125,250,500, and 750 feet along the B+, B-,
and D transects and sites A0, 80, and C0 for a total of 18 sample positions. This configuration
of sites resulted in a sampling area of approximately 12.9 acres (5.2 ha) spanning a distance of
1,500 feet. This same sampling scheme of 18 sample positions was repeated at C3501 and
S3500 during October 1996 and April 1997.

Sediments materialfrom each position was completely mixed and analyzed using ASTM Method
D421 (sieve method for particles 75 microns (p) diameter and larger) and ASTM Method D422-
63 (hydrometer method for silts and clays). Size determinations were based on the Wentworth-
Krumbein-Udden size classification for sediment grains.

3.2 Sediment Results

Sediments from the sample sites can be described as fine-grained sand with silts that exhibit an
even spatial distribution. Analyses indicated that sand-sized particles (4.74 millimeters [mm] to
0.75 mm diameter) were the dominant component of the lake bottom material. Sand particles
accounted for a mean composition of 76.3 percent with an observed range from 49.1 percent to
91.0 percent. Silt particles (0.074 mm to 0.005 mm diameter) were the next most common
particfe size and accounted for a mean of 21.2 percent composition with a range from 7.4 to
50.3 percent. Clay particles (less than 0.005 mm diameter) were a minor component of the
sediment and contributed a mean of 2.3 percent composition and ranged from less than one to
4.8 percent. Gravel-sized particles occurred intermittently and were observed in 50 of 122
sediment samples. Gravel exhibited a mean composition of less than 1 (0.25) percent, with a
maximum in one sample ol 11.4 percent. Depending upon the size of the gravel, a single
particle could account for up to 11.4 percent composition. Figures 3-2a through 3-2d show the
composition data, including the mean percent abundance value and upper and lower 95 percent
confidence limits for each particle size category. The percent composition data for each
sediment sample is presented in Appendix A.

Changes in overall sediment composition among the November 1995, June and October 1996,
and April 1997 sampling periods were not observed for either S3500 or C3501. Spatial trends in
sediment composition were not observed among the 18 sampling positions at 53500 or C3501,
as well as general trends between the study sites. The sediment information supports a
characterization of the study area as a large flat zone of unconsolidated sand (76%) and silt
(21Vo) conducive to disturbed surface materials and rippled surface topography with little to no
slope in 28-30 feet of water.

4.0 BENTHOS

4.1 Collection Methods

Benthos collection methods were the same as for sediment described above. Additional core
samples were collected for benthos analysis from 53500 during November 1995 at positions
B+75, B-75, 8+250, 8-250, 8+750, D+75, and D+500 for macroinvertebrate analyses. These
positions were selected to give a good spatial representation of the sampling area. To maximize
sampling efficiency, core samples collected during June 1996, October 1996, and April 1997
and used for sediment analyses were first evaluated for benthic organisms.
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The November 1995 sampling scheme was altered to include 18 sediment sample positions
(Figure 4-1) in subsequent sampling periods to verify the 1995 results that indicated a highly
variable and patchy distribution for the benthos. Benthic macroinvertebrate core samples were
obtained from all 18 sampling positions during June 1996, which further expanded the spatial
range of the benthos samples. The June 1996 benthos samples showed a highly variable and
patchy distribution of benthos organisms existed at 53500. Many of the June 1996 benthos
samples contained one or zero organisms, and extrapolation of low density to commonly used
units, such as number of organisms per meter, would be inappropriate and likely inaccurate. To
better account for the variation in patchiness for the benthos, two sediment core samples were
collected approximately 1 meter apart from each of the 18 sample positions and used for
benthos evaluation during October 1996 and April 1997. This sampling scheme of 36 benthos
samples was conducted at C3501 and 53500. All samples were transfened from the core
device to sample storage containers and preserved with up to 10 milliliters (mL) of weak (3
percent) formalin solution prior to shipment for analysis.

4.2 Benthos Results

Benthos analyses consistently indicated an assemblage of low richness, density, and diversity
with a patchy spatial distribution. A total of 169 benthos core samples were analyzed. The most
abundant organisms were oligochaetes (Oligochaeta) followed by snails (Gastropoda), then
fingernail clams and zebra mussels (Pelycepoda), and aquatic flies (Chironomidae). Leeches
(Hirudinae), flatworms (Turbellaria) and amphipod crustaceans (Amphipoda) were occasionally
observed. Oligochaetes accounted for 40.1 percent and snails accounted for 30.2 percent of
the total organisms. Appendix B presents a taxonomic listing of observed organisms with
richness, density, and measures of diversity for each benthos sample.

Organism richness was variable, but reflected an assemblage with generally low richness for
benthos. Twenty-four of 169 samples had zero or one taxon present. A maximum richness of
10 taxa was recorded with a mean richness value of 3.5 taxa (Figure 4-2\. fhe mean richness
value is likely lower than actually present because many of the tubificid oligochaetes and aquatic
flies were immature and identification to genus level was not possible. The maximum richness
value of 10 taxa is still within a range that indicates low to moderate richness for benthos.
Mature or large specimens of soft-bodied organisms, such as the oligochaetes and chironomids,
were reported by the taxonomist to be rare. lt is speculated that abrasion by the shifting sandy
substrate resulting from wave disturbance may destroy larger soft-bodied organisms. Hard-
bodied organisms, such as snails, clams, and amphipods that may be protected more from
abrasion by shifting sands were observed in all sizes. The spatial relationship for richness
indicated a patchy distribution with respect to the sampling grid.

Benthos density was highly variable among the samples. Benthos density was calculated as the
number of organisms per cubic decimeter (organisms/dM3) because it best reflects the size of
the core sample (10 centimeters [cm] deep X 6.5 cm diameter). Mean benthos density was 50
organisms/dM3 and ranged from zero to 344 organisms/dM3. Figure 4'3 depicts the mean
density and the array of density values for the benthos samples. Five benthos samples, each
containing an abundance of very small fingemail clams, exhibited a density in excess of 200
organisms/dM3. The spatial relationship for organism density indicated a patchy distribution with
respect to the sampling grid.
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Benthos assemblage diversity values indicated little diversity. Simpson's diversity values range
from 1.0 for no diversity to 0.0 for maximum diversity. Simpson's Diversity values determined for
each of the benthos samples ranged from 1.0 for samples with zero or one taxon present (no
diversity) to 0.15 forthe sample with 10 taxa. Mean Simpson's Diversity was 0.64. Shannon-
Weiner Diversity values ranged from 0.0 for samples with zero organisms or one taxon present
to 2.04 for the sample with 10 taxa. The mean Shannon-Weiner Diversity value was also 0.64.
Simpson's Diversity values may provide a more meaningful range of density values for the
benthos samples because calculation of Shannon-Weiner Diversity for assemblages that
contained less than 10 taxa can be unreliable. Figure 4-4 shows the array of Simpson's
Diversity values for the benthos samples.

The benthos community at C3501 and 53500 is highly variable and patchy with respect to
spatial and temporal measures. With the exception of an overall increase in the total abundance
of clams and snails observed during April 1997, large changes in overall benthos structure have
not been observed for either S3500 or C3501. All data from November 1995 through April 1997
shows a patchy spatial distribution for benthos richness and benthos abundance during all
sampling periods.

5.0 PHYTOPLANKTON

5.1 Collection Methods

A depth-integrated composite of the water column collected at position "B0n was used to obtain
grab samples for phytoplankton analyses. The composite water sample was retained in a large
bucket into which water was pumped from a submersible pump attached to a hose that was
slowly lowered and raised from the water surface to 0.5 M above the bottom. The compositing
bucket contained sufficient volume for grab samples consisting ol a 1.O-liter (L) plastic bottle for
phytoplankton, two 1.0-L amber plastic bottles for chlorophylla analyses, and a full set of water
chemistry sample bottles. The water column was again composited for replicate samples.

Three replicate phytoplankton grab samples were collected at 53500 during the May 1995, June
1996, October 1996, and April 1997 sampling periods. Three replicate phytoplankton grab
samples were retained from C3501 during May 1995, October 1996, and April 1997. All
samples were immediately preserved with weak Lugol's solution and properly stored until
shipment for analysis.

5.2 Phytoplankton Results

The phytoplankton was moderately diverse and exhibited cell density values typical for
oligotrophic to mildly mesotrophic lake conditions. Seven major groups of algae were
represented and include the diatoms (Bacillariophyta), and the green algae (Chlorophyta), blue-
green algae (Cyanophyta), yellow-green algae (Chrysophyta), euglenoids (Euglenophyta),
dinoflagellates (Pyrrhophyta), and cryptomonads (Cryptophyta). Diatoms were the most
common group, which accounted for a mean of 45 percent and range of 24 to 55 percent of total
cell abundance. Among the soft algae groups (non-diatom taxa), yellow-green algae were the
next most abundant with a mean of 27 percent of total cell abundance followed by a mean of 14
percent for green algae, and a mean of 8 percent for dinoflagellates. The blue-green were
represented by 8 different taxa but accounted for a mean of 1.0 percent with a maximum of 5
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percent of total cell abundance. A taxonomic listing for the soft algae and diatoms is presented
in Appendix B. Table 5-1 presents values for minimum, maximum, and mean richness; cell
density and diversity for the soft algae and diatoms; and total percent contribution for each of the
major algae groups.

Richness for the soft algae ranged from 7 to 15 taxa with a mean of 10 taxa from a total of 35
taxa identified. The yellow-green algae Dinobryon sociale variety americum, the green algae
complex ChlorellalChlorococcum humicola and Chlamydomonas sp., and the dinoflagellate
Chroomonas nordstedtiiwere the most abundant soft algae forms that demonstrated seasonal
succession in the lake. Dinobryon and Chlorella/Chlorococcum were more abundant during
spring and Chlamydomonas and Chroomonas tended to be more abundant during fall sampling
periods.

Richness for the diatoms ranged from 26 to 55 taxa with a mean of 44 taxa from a total of 141
taxa identified. Diatom taxa commonly encountered include Asterionella formosa, Diatoma
tenuis and the variety elongatum, several varieties of Fragilaria capucina and Fragilaria
construens, species of the genus Nitzschia, Stephanodiscus, and Cyclotella. Many of the
diatom taxa identified represent forms thbt typically occur as periphyton (attached to surfaces)
that successfully persist in the water column as 'tychoplankton" after detachment due to
physical disturbance. Reports from project SCUBA divers of turbulence from wave action at the
sediment surface, and the persistence of ripples on the lake bottom at the sampling locations
attest to a constant resuspension of tychoplankton into the water column. Sediment material
was always rippled and project SCUBA divers reported a shifting of surface sediment material
from wave action during even the most calm sampling periods. Abundant tychoplanktonic forms
observed in the samples include species from the genera Diatoma, Fragilaria and Nitzschia,
Synedra and Navicula. Figure 5-1 shows the richness data and mean richness value for the
diatom assemblage.

Totaf phytoplankton density ranged lrom 292 to 1,239 cells per milliliter (cells/mL) with a mean of
688 cells/ml. Diatoms accounted for a mean of 44.1 percent and exhibited a range of 26.3 to
55.3 percent of the total cell abundance. Figure 5-2 shows the soft algae, diatom, and total
density values.

Diversity for the soft algae was moderate to low. Simpson's Diversity value ranged from 0.82 to
a value of 0.19 on a scale of 1.0 for no diversity to zero for maximum diversity. The mean
Simpson's Diversity value was 0.34. Shannon-Weiner Diversity values ranged from a low of
0.48 to 1.9 on a scale of zero for no diversity to a maximum of 2.71 for the highest richness
observed (15 taxa) for the soft algae. lt is common to focus more on the diatom assemblage
diversity since this is typically the major component of the phytoplankton. The diatom
assemblage exhibited much higher diversity values because of greater richness values and the
large number of taxa with similar abundance. The diatom assemblage mean value for
Simpson's Diversity was 0.10 with a range of 0.17 depicting the lowest diversity to 0.07 for the
highest diversity. Shannon-Weiner Diversity values for the diatom assemblage ranged from
2.29 to 3.12 with a mean value of 2.83. The diatom assemblage diversity values are
representative of moderate to high diversity for the number of taxa observed. Figure 5-3 depicts
the Shannon-Weiner Diversity data and mean value for the diatom assemblage.

Expected seasonal patterns common to deeper waters were generally observed during the
sampling period. A general successional pattern for stratified lakes show phytoplankton
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numbers to increase in spring due to nutrient replenishment from spring overturn, warmer
temperatures, and longer daylight hours. Diatoms tend to dominate the spring assemblage.
The total phytoplankton standing crop decreases during summer but can show a relative
increase for blue-green algae in late summer until fall overturn. The fall period is characterized
by a second pulse in diatom biomass before a general decrease in total phytoplankton standing
crop during the winter ice season. During winter dominant forms generally include
chryptomonads, mobile chrysophytes, and diatoms.

The distribution of mean phytoplankton density at the sampling locations for the major algae
groups by sampling period is shown in Figure 5-4. With the exception of April 1997, the
phytoplankton reflected the expected seasonal biomass pafrern. Phytoplankton standing crop,
especially for the diatoms, is generally higher in spring and fall than during summer. Diatoms
showed the highest mean density with peaks during May of 1995 (spring) and October 1996
(fall). A typical shift from Asterionella formosa, species of Diatoma. and some centric diatoms
(Cyclotella and Sfephanodiscus species) during spring, to some centric diatoms andFragilaria
species showing dominance during the fall was observed. The high standing crop of
chrysophytes (yellow-green algae) common to the winter months a residual high population
could be reflected in the May 1995 and June 1996 spring samples. Lower chrysophyte
abundance was present in the October 1996 fall sample. Total phytoplankton biomass was low
in the April 1997 spring sample. The relative contribution of the chrysophytes to the
phytoplankton assemblage in April 1997 was nearly identical to the May 1995 spring collection.
Green algae showed a general increase in mean cell density during the warmer sampling
periods of June 1996 and October 1996. lt is possible the spring maxima may have occurred
prior to the April 28, 1997 sampling period. However, in the nearshore and turbulent
environment of the sampling locations a typical spring maxima and summer reduction in
standing crop may have been masked by localized storm conditions. Subsequent sampling of
the phytoplankton at the study sites during late spring and summer of 1997 revealed a general
increase in total standing crop from a mean of 390 cells/ml on April 28, 1997 through the first
week of August followed by a decline in phytoplankton standing crop by early September 1997
to levels similar to April 1997 (Figure 5-5).

6.0 ZOOPLANKTON

6.1 ZooplanktonGollectionMethods

Zooplankton samples were collected from the 'B0' position of the sampling grid by vertical net
tow. A 0.5-M-diameter net of 8O-micron (p) mesh with a length-to-opening ratio of 5.1 to 1 was
used for all zooplankton samples. The net was equipped with a removable 8O-p-mesh plankton
bucket that concentrated the collection and allowed easy transfer to sample containers. Vertical
tows were made by slowly lowering the net to approximately 0.5 M above the lake bottom and
slowly raising the net to the water surface. Three replicate samples consisting of a single tow
each were collected from C3501 and S3500 during May 1995, October 1996, and April 1997.
Three replicate samples from 53500 were collected during June 1996. The contents of the net
were washed into the plankton bucket prior to sample container transfer and preservation with 3
percent formalin solution.
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6.2 Zooplankton Results

The zooplankton assemblage consisted of 14 different taxa, which included rotifers (Rotifera)
and cladocera and copepods that represented the Crustacea. Zooplankton richness, diversity,
and total density values were low and consistent with the oligotrophic to mildly mesotrophic lake
conditions implicated by the phytoplankton. Copepods were typically most abundant and
accounted for a mean of 77.2 percent and range of 2.5 to 52 percent of total zooplankton
abundance. Copepods observed included Diacyclops bicuspidatus thomasi, Diaptomus sp. and
Mesocyclops edax. Rotifers accounted for a mean of 17.9 percent with a range of 46.1 to 97.1
percent of total abundance. The most common rotifer identified was Asp/anchna herrichi.
Cladocera (Bosmina tongirostris and Daphnra) accounted for a mean of 4.7 percent of the total
zooplankton identified with a maximum of 11.6 percent of total abundance for a single sample.
Zooplankton richness and diversity were low. Mean richness was 4.5 taxa with a range of 3 to 7
taxa (Figure 6-l). Actual richness may be slightly higher because the determination of richness
vatues inctuded immature specimens that could not be classified. However, based on the
mature specimens in the samples at the time of collection, an increase in taxa from among the
immature life stages would be still reflect low richness. Appendix B lists the zooplankton taxa
and abundance data for all the collections.

Zooplankton density ranged from a low of 1,448 organisms/cubic meter (organisms/M3) to a high
of 7,914 organisms/M3 with a mean density of 4,098.7 organisms/M3 (Figure 6-2). The
assemblage was highly variable with respect to abundance within each group among sample
replicates. Total density values among replicates were usually similar although typically were
higher during late summer and fall. Early summer and spring samples contained the highest
number of copepod nauplii and copepodids that could not be identified to genus.

Variability in zooplankton richness and density was expected because of the many factors
(currents, temperature, light, food availability, and predation) that influence zooplankton
distribution and periods of reproduction. Because of the highly variable nature of zooplankton
communities, especially in a physically turbulent habitat such as present at the sampling
locations, the collection methods and analyses used here focus on the overall zooplankton
assemblage. This approach maximizes the ability to detect composition differences at two
locations at any one time.

Diversity values were determined with the inclusion immature specimens that could not be
classified because it was believed the immature specimens likely represented a pulse bloom of
a single taxon within the organism group. Simpson's Diversity values ranged from 0.9 to 0.29
on a icale of 1.0 for no diversity to 0.0 for maximum diversity. The mean Simpson's Diversity
value for the zooplankton was 0.51. Shannon-Weiner Diversity values ranged from 0.24
depicting an assemblage with very low diversity to a value ol 1.73 depicting moderate diversity
for the number taxa typically represented by the zooplankton. Abundance values of nauplii
copepods for all samples collected during April 1997 were well in excess of abundance values
for other organisms and abundance values of nauplii observed in previous samples from the
study sites. As a result, Simpson's Diversity and Shannon-Weiner Diversity values for the April
1997 zooplankton samples reflected the lowest diversity measures (Table 6.1).
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7,0 CHLOROPHYLL A

7.1 Chlorophyll a Collection Methods

Chlorophyll a samples were obtained from a composite of the water column at position "B0" as
described for phytoplankton in Section 5.0 above. To ensure that sufficient material was present
for accurate chlorophyll determination, chlorophyll a samples consisted of two 1.0-L bottles that
were combined and mixed prior to filtering and subsequent extraction for analysis.

Five replicate grab samples for chlorophyll a (consisting of two 1.0-L bottles each replicate) were
retained for analyses during May 1995 from each of C3501 and 53500. Six replicate chlorophyll
a samples were collected from S3500 during June 1996. Three replicate chlorophylla samples
were collected from C3501 and 53500 during October 1996 and April 1997. All chlorophylla
samples were immediately fixed with 1.0 mL of magnesium carbonate suspension and stored in
the dark on ice until received by the analytical laboratory

7.2 Chlorophyll a Results

Chlorophyll a concentrations ranged from 0.32 to 2.5 mg/M3 with a mean value of 1.0 mg/M3.
The low concentration values are consistent with oligotrophic to mild mesotrophic lake
conditions as indicated by the phytoplankton and water chemistry samples collected from the
study sites. lt is important to note the chlorophylla concentrations from the study sites are
expressed as mg/M3 rather than the more conventional mg/L unit of measure. Additionally, two
liters of sample water per replicate were necessary to achieve a reliable analytical result.
These two factors provide further evidence of the oligotrophic nature of the study sites. Table 7-
1 shows the chlorophyll a concentration data for each study site and sampling period. A plot of
the data against the mean concentration of 1.0 mg/M3 is shown in Figure 7-1

8.0 WATER CHEMISTRY

8.1 Water Ghemistry Collection Methods

Water chemistry samples were obtained from a composite of the water column at position 'B0'

as described for phytoplankton in Section 5.0 above. One composite water column grab sample
was analyzed for water chemistry parameters at each of C3501 and 53500 during May 1995.
Two replicate samples were retained for water chemistry analyses at 53500 during June 1996.
Two replicate water chemistry samples were collected and averaged from C3501, and one
water chemistry sample was retained for analysis from 53500 during October 1996. One water
chemistry sample was collected for analysis at each of C3501 and 53500 during April 1997.
Water chemistry data and the list of parameters measured for each of the samples listed above
are identified in Appendix C. All water chemistry sample containers were stored in the dark on
ice until received by the analytical laboratory.

8.2 Water Chemistry Results

Water chemistry parameter values determined by laboratory analyses for samples collected
from the study sites are within values expected for southern Lake Michigan. Nitrogen and
phosphorus related analytes exhibited some variability at concentrations near or below
analytical detection limits indicating oligotrophic to mild mesotrophic nutrient conditions. A
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summary table of mean, minimum, and maximum values for the analytes is presented in Table
8-1 .

9.O 
"V.S'TUWATERQUALITY

9.1 ln-situ Water Quality Gollection Methods

Depth profiled water quality determinations were measured in-situ using a Series lll Datasonde
probe and transmitter (Hydrolab lnc.). Parameters included pH (s.u.), conductivity (pmhos/cm),
water temperature ('C), and dissolved oxygen (mg/L), which were measured at discrete levels
of the water column from just above the lake bottom to the surface. Readings were taken at 3-
or S-foot intervals, depending upon surface wave height, and were measured over an average
depth of 27 feet. \A/henever possible, water quality determinations were made at each sample
location every day monitoring activities were conducted.

9.2 ln-situ Water Quality Results

Field determined water quality parameters indicate that complete mixing of the water column
occurs at C3501 and 53500. Determinations of dissolved oxygen show profile of saturation or
near saturation from the surface to the bottom. Differences in conductivity determinations from
the surface to the bottom were absent or negligible. Temperature differences between the
surface water and water at the lake sediment surface were typically less than two degrees ("C)
and attributable to effects of ambient air near the top of the water column. In-situ water quality
measurements are presented in Appendix C. Table 9-1 is a summary of the field determined
water quality and shows the mean, minimum, and maximum values by depth for each of the
parameters measured.
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Table 4-l
Lake Michigan Benthos Summary

Parameter Units Mean Minimum Maximum
Total Density No. /dM3i  50 i  o  |  344
Richness Number : 3 0 1 0
Simpson's Diversity Value r 0.64 0 .15 0
Shannon-Weiner Diversity Value 0.64 0 2.04
Percent Oliqochaetes Percent : 50 0 100
Percent Snails Percent 23.8 0 100
Percent Clams and Mussels Percent i 11.3 0 100
Percent Chironomids Percentt 14.5 i  0 I 100

.Amoco\Task 2\Rpt02.xls\Table 4-1 \1 /1 2y98



Table 5-1
Lake Michigan Phytoplankton Summary

Parameter Units Mean Minimum Maximum
TotalDensitv No./mL 688 292 1239

Soft Alqae
Richness Number 1 0 7 1 5
Density No./mL 369 210 6 1 6
Simpson's Diversity Value 0.33 0.82 0 .19
S han non-Wei ner Diversitv Value 't.47 0.48 1 . 9
Percent Diatoms Percent 43.4 2',1.1 55.3
Percent Green Aloae Percent 14 2.1 33.8
Percent Yellow-Green Alqae Percent 27 5.4 53.7
Percent Dinofl agellates Percent 8.3 0 23.9
Percent Blue-Green Alqae Percent 1 .2 0 5.0

Diatoms
Richness Number 4 26 55
Density No./mL 319 82 654
Simpson's Diversity Value 0.1 0.'17 0.07
Sha n non-Wei ner Diversity Value 2.83 2.29 3 .12

Amoco\Task 2\Rpt02.xls\Table 5-1 \1/12/98



Table 6.1
Lake Michigan Zooplankton Summary

Parameter Units Mean MinimumMaximum

Iotal Density No./M3 4,098.70 1,648 7,914

Richness Number I 6.1 4 8
Simpson's Diversity Value 5.1 0.9 0.3
Shannon-Weiner Diversity Value 1 .0 0.2 1 . 7
Percent Rotifers Percent 1 8 2.6 51 .5
Percent Cladocera Percent 4.8 0.0 1 1 . 6
Percent Copepods Percent | 7z.g 46.2 97.1

Amoco/Task2/Rpi03.xls/Tabl e 6-1 I 1 | 12198



Table 7.1

Chlorophyll a Determinations (mg/lrl3;

Date May-95 Jun-96 Oct-96 Apr-97
Location c3501 s3500 s3500 c3501 I 53500 c3501 s3500

Replicate 1 0.72 '1.04 0.8 1 .6 1 . 8 0.64 0.53
Replicate 2 0.32 1.44 0.67 2.5 2.2 0.64 0.73
Replicate 3 0.4 1.28 0.8 2.5 1 .2 0.75 0.53
Replicate 4 1.02 1.44 0.53 none none none none
Replicate 5 0.64 '|'.12 0.67 none none none none
Replicate 6 none none 0.4 none I none none none

Amoco/TaskZRptO3.xls/chla dalal 1 n A98



Table 8-1
Lake Michigan Water Chemistry Constituents

Parameter Units Method Mean Min. Max. n Samples
oH s.u. 90404 7.82 6.90 8.50 i 6
Total Suspended Solids (TSS) mg/L EPA160.2 1.64 0.90 r 3.00 I
Total Dissolved Solids (TDS) mg/L EPA160.1 172.00 140.00 198.00 I
Alkalinity as CaCO3 mg/L EP4310.2 110.00 110.00 :  110.00 2
Chloride mg/L 2951 14.30 12.50 17.00 8
Total Organic Carbon (TOC) mg/L EPA415.1 6.79 2.50 20.00 I
Hardness as CaCO3 mg/L EP4130.2 150.38 133.00 160.00 8

Total Kjeldahl Nitrogen (TKN) mg/L EP4351.1 0.77 0.40 1.90 6
Nitrate/Nitrite mg/L 9200 0.45 0.09 1.50 I
fotalNitrogen mg/L Calc. 1.65 1.56  i  1 .74 2
fotial Phosphorus mg/L EPA365.4 0.08 , 0.01 0.20 I
Ortho-Phosphorus mg/L EP4365.2 0 . 0 6 i 0 . 0 1  , 0 . 2 0 I
Silica mg/L 6010 0 . 5 7 ' 0 . 3 8 i 0 . 7 0 I
Sulfate mg/L EPA375.4 25.50 25.00 i 26.00 2
TotalCalcium mg/L EPA215.1 69.50 54.00 85.00 2
TotalMaqnesium mq/L EPAc42.1 12.00 12.00 12.00 2
TotalSodium mg/L EPA273j 7.35 7.00 t T.T0 2
TotalPotassium mq/L EP4258.1 1.80 : 0.30 I 3.30 2

Amoco\Task 2\Rpt02.xls\Table 8-1 \1/1 ?98
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Appendix A
Proposed Diffuser Site Sediment Core Data

Date Location Site Pct. Gravel Pct. Sand Pct. Silt Pct. Glay
Nov. 95 s3500 A-25D 0.00 85.76 9.75 4.49
Nov. 95 s3500 A.25E 0 .10 78.55 1 9 . 1 1 2.24
Nov. 95 s3500 A-25F 0.05 80.93 14.21 4.81
Nov. 95 s3500 B+1254 0.00 81.7'l 13.64 4.65
Nov.95 s3500 B+1258 0.00 69.84 26.48 3.68
Nov. 95 s3500 B+250A 0.30 78.76 16.30 4.64
Nov.95 s3500 B+250C 0.45 83.33 13.66 2.56
Nov. 95 s3500 B+25A 0.05 82.40 13.54 4.O1
Nov.95 s3500 B+258 0.00 81.90 15.86 2.24
Nov. 95 s3500 B+500A 0.00 75.35 20.64 4.01
Nov. 95 s3500 B+5008 0.00 77.43 18.40 4 .17
Nov. 95 s3500 8+750D 0.10 75.53 21.65 2.72
Nov. 95 s3500 8+750E 0.00 76.51 21.89 1.60
Nov. 95 s3s00 8+750F 5.36 79.71 13.17 1.76
Nov.95 s3500 B+758 0.00 84.31 13 .13 2.56
Nov.95 s3500 B+75C 0.00 80.36 16.76 2.88
Nov. 95 s3500 8-125A 0.60 67.18 27.73 4.49
Nov. 95 s3s00 B-1258 0.00 78.79 18.01 3.20
Nov. 95 s3500 B-250A 0.00 77.94 18.86 3.20
Nov. 95 s3500 B-2508 0.30 85.34 12.44 1.92
Nov. 95 s3500 8.25A 0.85 67.86 26.47 4.81
Nov. 95 s3500 8.258 0.25 81.57 15.14 3.04
Nov. 95 s3500 B-500A 0.60 70.15 25.08 4 .17
Nov. 95 s3500 B-5008 0.20 79.37 17.55 2.88
Nov.95 s3500 B-750A 0.00 79.89 15.94 4 .17
Nov. 95 s3500 B-7508 0.00 77.17 18.34 4.49
Nov. 95 s3500 8.754 0.00 70.18 26.30 3.52
Nov. 95 s3500 B.75B 0 .10 82.51 14.83 2.56
Nov. 95 s3500 BOD 0.00 79.59 17.21 3.20
Nov. 95 s3500 BOE 0.40 74.65 20.14 4.81
Nov.95 I 53500 BOF 0.05 u.02 12.73 3.20
Nov. 95 s3500 C+25D 0.05 78.33 16.94 4.68
Nov. 95 s3s00 C+25E 0.80 78.47 19 .13 1.60
Nov. 95 s3500 C+25F 0.00 72.24 22.95 4.81
Jun-96 s3s00 AO 11.36 73.26 12.01 3.37
Jun-96 s3500 B+125 0.00 77.66 20.23 2.',|1
Jun-96 s3500 B+250 0.98 68.69 28.35 1.98
Jun-96 s3s00 B+500 0.00 85.22 13.77 1 .01
Jun-96 s3500 B+75 0.00 79.47 17.89 2.64
Jun-96 s3500 B+750 0.00 80.91 18 .18 0.91
Jun-96 s3500 B-125 0.45 80.28 18.37 0.90
Jun-96 s3500 B-250 0.00 80.41 18.60 0.99
Jun-96 s3500 B-500 0.30 81.57 15.34 2.79
Jun-96 s3500 B-75 0 .10 78.86 18.87 2 .17
Jun-96 s3500 B-7s0 0.00 81.30 17.50 1.20
Jun-96 s3500 BO 0.00 u.M 't4.37 1 . 1 9
Jun-96 s3500 c0 0.00 75.86 22.29 1.85
Jun-96 s3500 D+125 0.00 82.73 16.32 0.95

Amoco\RptO1 .xls\sediment\1 /1 2/98 1 o f  3



Appendix A
Proposed Diffuser Site Sediment Core Data

Date Location I Site I Pct. Gravel Pct. Sand Pct. Silt Pct. Glay
Jun-96 s3500 D+250 0.05 74.63 23.45 1.87
Jun-96 s3s00 D+500 0.00 7 1 . 1 1 27.20 1.69
Jun-96 s3500 D+75 0.00 84.55 13.45 2.00
Jun-96 s3500 D+750 0.00 77.89 21.26 0.85
Cct. 96 c3501 AO 0.00 56.87 42.23 0.90
Oct.96 c3501 B+125 0.30 69.23 28.93 1.54
Oct.96 c3s01 B+250 0.00 69.42 25.87 4.71
Oct. 96 c3501 B+500 0.00 77.40 20.09 2.51
Oct. 96 c3501 B+75 0 .10 77.73 20.65 1.52
Oct.96 c3501 B+750 0.00 90.95 7.43 1.62
Oct.96 c3501 B-125 0.00 61.06 38.16 0.78
Oct.96 c3501 B-250 0.00 76.14 22.24 1.62
Oct.96 c3501 B-500 0.00 77.13 21.2',1 1.66
Oct.96 c3501 B-75 0.00 60.04 39.26 0.70
Oct.96 c3501 B-750 0.00 78.88 19.47 1.65
Oct.96 c3501 BO 0.00 69.09 29.64 4.27
Oct.96 c3501 c0 0.00 70.62 27.43 1.95
Oct.96 c3501 D+125 0.00 73.72 24.46 1.82
Oct.96 c3501 D+250 0.00 69.58 29.27 1 . 1 5
Oct.96 c3501 D+500 0.00 75.16 23.10 't.74

Oct.96 c3501 D+75 0.00 61.87 37.02 1 . 1 1
Oct.96 c3501 D+750 0.00 90.92 7.93 1 . 1 5
Oct.96 s3500 AO 0.40 71.36 27.88 0.36
Oct.96 s3500 B+125 0.00 68.51 30.83 0.66
Oct.96 s3s00 B+250 0.00 72.86 25.73 1.41
Oct.96 s3500 B+500 0.25 71.58 26.17 2.00
Oct.96 s3500 B+75 0.00 75.88 22.11 2.01
Oct.96 s3s00 B+750 0.50 74.45 23.42 1.63
Oct.96 s3500 B-',|25 0.00 75.99 21.91 2.10
Oct.96 s3500 B-250 0.00 75.U 23.62 1 . U
Oct.96 s3500 B-500 0.10 73.31 24.49 2 .10
Oct.96 s3500 B-75 0.00 77.07 20.61 2.32
Oct.96 s3500 B-750 0.00 75.41 23.08 1.51
Oct. 96 s3500 BO 0.20 7'1.22 26.60 1.98
Oct. 96 s3500 c0 0.00 74.U 22.81 2.35
Oct.96 s3500 D+125 0.00 75.4',1 22.60 1.99
Oct. 96 s3500 D+250 0.35 82.40 16 .11 1 . 1 4
Oct.96 s3500 D+500 0.00 t 79.57 17.78 2.65
Oct.96 s3500 D+75 0.00 71.97 25.86 2.17
Oct.96 s3500 D+750 0.00 72.77 25.16 2.07
Apr-97 c3s01 AO 0.10 77.55 19.83 2.50
Apr-97 c3501 B+125 0.00 75.92 21.67 2.41
Apr-97 c3501 B+250 0.25 49.08 50.30 3.36
Apr-97 c3501 B+500 0.24 4r.60 33.41 1.75
Apr-97 c3501 B+75 0.00 74.25 23.44 2.31
Apr€7 c3501 B+750 0.30 76.12 19.53 4.U
Apr-97 c3501 B-125 0.00 89.28 9.61 1 . 1 1
Apr-97 c3501 B-250 0.00 70.91 27.33 1.76
Apr-97 c3501 B-500 0.00 72.O8 25.02 2.90
Apr-97 c3501 B-75 0.00 u.40 12.72 2.89

Amoco\Rpt0l.xlsLsediment\l /1 2/98 2 of3



Appendix A
Proposed Diffuser Site Sediment Core Data

Date Location Site Pct. Gravel Pct. Sand Pct. Silt tPct. Clav
Apr-97 c3501 B-750 0.72 72.79 25.7s 0.74
Apr-97 c3501 BO 0.00 78.63 't8.78 2.59
Apr-97 c3501 c0 0.00 u .11 13.91 1.98
Apr-97 c3501 D+125 0.00 82.16 16.90 0.94
Apr-97 c3501 D+250 0.7'l 81.69 16.67 0.93
Apr-97 c3501 D+500 0.00 66.77 32.60 0.62
Apr-97 c3501 D+75 0.05 8 1 . 1 5 17.88 0.92
Apr-97 c3501 D+750 0 .10 85.50 11.34 3.06
Apr-97 s3500 AO 0.10 84.60 13.30 2.00
Apr-97 s3500 B+125 0.35 78.09 20.71 0.85
Apr-97 s3500 B+250 0.20 78.49 20.45 0.85
Apr-97 s3500 B+500 0.10 74.78 22.78 2.34
Apr-97 s3s00 B+75 0.00 72.90 25.62 1.48
Apr-97 s3s00 B+750 0.00 71.52 26.U 2 .14
Apr-97 s3500 B-125 0.00 77.15 20.36 2.49
Apr-97 s3500 B-250 0.00 83.37 13.72 2.91
Apr-97 s3500 B-500 0.05 72.11 26.39 1.45
Apr-97 s3500 B-75 0.20 74.1'l 21.85 3.85
Apr-97 s3500 B-750 0.00 69.75 28.2'l 2.04
Apr-97 s3s00 BO 0.25 82.31 15.5s 1.89
Apr-97 s3500 c0 0.0s 69.64 27.60 2.71
Apr-97 s3500 D+125 0.20 76.68 20.65 2.46
Apr-97 s3500 D+250 0.55 72.90 24.32 2.26
Apr-97 s3500 D+500 0.00 84.01 13.03 2.96
Apr-97 s3500 D+75 0.00 70.89 27.71 1.40
Apr-97 i 53500 lD+750 i OjO 77.98 | 't9.47 2.55

Mean I 0.25
s .d .  |  1 .13

Amoco\Rpt01 .xls\sediment\1 /1 298 3 o f 3
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Appendix B
Proposed Diffuser Site Benthos Data

Number of Benthos Oroanisms per Cubic Declmeter (dm')
Date Nov. 95 Nov.95 Nov.95 l{ov.95 Nov, 95 Nov.95 Nov.95 Jun-96 Jun-96 Jun-96

Location s3500 s3500 s3500 s3500 s3500 s3500 s3500 s3500 s3500 s3500
Sate g+25 B-75 B+250 B-250 B+750 D+75 D+500 BO B-75 B-125

Chironomidae

0hironomidae immature 8 4 1 0
Ghironomini

Chironomus 3
chryptochironomus 5
PhaenoDsectra 4
Polypedilum 6

Orthocladiinae 1 5 4 20
uorynoneura 3
Diplocladius
Nanocaldius
Otthocladius
Psectrocladius
St/ocladrus
Zalutschia

Diamesinae
Cligochaeta

Tubificid immature 32 24 30 32 42 1 5 30
Potomothix

Naididae
Piquetiella

Hirudinae
MaNinmeyeria

Sastropoda
Psudosu@inea 4
Amnicola pilsbryi 8 4 5 4

Bulimnea
Fossana
Marstonia
Physella R

Pleuro@n
Radix
Valvata 4 5
Valvata bicainata 4

relvc€ooda

Dreissena polvmooha 4 3 5
Pisidium 4 E 20 E 3 1 5 5

furbellaria
\mphipoda

Pontoporeia hovi 5

Iotal Denslty (no./dmrl 40 60 75 I stl 30 20 1 2 35 35
Richness 3 7 5 I 5 3 2 3 1 2
SimDson's Diversltv .65 21 .27 .4E .61 .48 .61 .27 .29 .75
Shannon-Wel ner Divercitv .63 1.71 1.40 .98 .84 .87 .56 : 1.10 1.23 .11

Amoco\Rptol xlsborebug\3lz/ilg8
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Number ot Benthos Orqanlsms oer Cublc Declmetsr ldmul
Dato Jun-96 Jun-96 Jun-96 Jun.96 Jun-96 Jun-96 Jun-96 Jun.96 Jun-96 Jun-96

Locationt 53500 s3500 s3500 s3500 s3500 s3500 s3500 s3500 s3500 , s3500
Sltei 8-250 B-500 8.750 g+78 B+125 B+250 B+500 B+750 D+75 D+125

inironomidae
chlronomidae immature 4 4 1 2 q

Chironomini
untrcnomus
cnryptocnronomus
Phaenopsectra 4
Polypeclilum 7

Orthocladiinae
Corynoneura
Dtploclacttus
Nanocaldius
Orthocladius
Psectrocladius
Stilocladius
Zalutschia

Diamesinae
ligochaeta
Tubiftcid immature 6 28 1 9 17 23 7 32 30 53

Potomothix
Naididae

Ptquet,ella
Hirudinae

Maruinmeveria
Sastropoda

Psudosuccinea 1 1
Amniala pilsb|i 4 1 1
Bulimnea
FOSSarra
Marstonia
Physeila
Pleurocera
Radix
Valvata 5
VaMata bicainata

Pelycepoda
1 28

Pisidium 261
urbellaria

Amphipoda

Total Denslty (no./dm') 6 32 t9 55 27 12 36 1 2 323 53
Rlchness 1 2 ,| 3 2 3 2 1 5 1
Slmpson's Diverslty 1 .77 1 ,74 74 .rl9 .E0 1 .66 1
Shannon-Weiner Divercltv 0 .38 0 .52 .12 .87 .35 0 75 0

Appendix B
Proposed Diffuser Site Benthos Data
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Appendix B
Proposed Diffuser Site Benthos Data

Number of Benthos Organisms per Cubic Decimeter (dmrl
Date Jun-96 Jun-96 Jun.96 Jun-96 Jun-96 Oct-96 Oct-96 Oct-96 Oct-96 Oct-96

Locatlon s3500 s3500 s3500 s3500 s3500 s3500 s3500 53500 : 53500 53500
Slt6 D+250 D}500 D+750 AO c0 B+750a 8+750b B+500a 8+5996 , B+250a

Jntronomidae
lhironomidae immalure 3 4

Chironomini 4
Chircnomus
cnrypbchtronomus a 4 4
Phaenopsectra
Polypedilum 4 I I

Orthocladiinae
Corynoneun
Diplocladius
Nanocaldius 4
Orthocladius
Pseclrocladius
Stlloc/adius
Zalutschia

Diamesinae
tcnaeEl 24 20 32 44 60

Tubificid immature 30 12 4
Potomothix

Naididae
Piquetiella

itru0rnae
MaNinmeyeia

Gastropoda
Psudosuccinea 1 6
Amnicola pilsbryi 6 4 24
Bulimnea
Fossana 4
MaNonia
Physella 4
l4eurccen
Radix
Valvata 4 I t 6
Valvata bicarinata 6

)elycepoda

Dreissena polymomha 4 24 12
Pisidium 6 3 4 12

Turbellaria
mphipoda

Pontoporcia hoyi

fotal Denslty (no./dm3) 36 33 12 0 12 52 52 124 48 60
Rlchness 2 6 3 0 3 3 5 1 0 2 1
5ampson's Dlvetsltv .71 .20 .27 I .27 .12 .21 1 5 .84 1
Shannon-Weinor Dlveltlty .45 1.64 t . t0 0 1.10 i  .91 1.48 , 2.O1 .29 0

Am@\Rptol xls\d6bugl3/24l98 3 o f 1 7



Appendix B
Proposed Diffuser Site Benthos Data

Number of Benthos OrEanisms per Cubic Declmeter (dmr)
Date Oct-g6 Oct-g6 Oct-96 Oct 96 Oct-g6 Oct-g6 Oct-96 Oct-96 Oct-96 i Oct-95

Location 53500 s3500 s3500 s3500 s3500 s3500 s3500 s3500 s3500 s3500
Slte B+250b B+125a B+125b B+75a B+75b B0a B0b B-75a B-75b B-125a

lhironomidae
lhironomidae immature

Chironomini 4

Chircnomus
3 3 4 3

Polypedilum 4 3

Orthocladiinae
6rvnoneura
Dolocladius
Nanocaldius 3
Otthocladius
Psectrccladius
St/ocladius
Zalutschia

Diamesinae
Olioochaeta 21 1 5 28 1 8 32 I 1 6 I 1 5 24

Tubiftcid immature

Potilt othix
Naididae

Piouetielle
Hirudinae

Maruinmeyeria
;aslroooda

Psudosueinea 4 6 3
Amniala pilsbryi 3
Bulimnea
Fossara
Marstonia
Physella
Pleutore'ra
Radix
Valvata 6 32
Valvata bicadnata

Pelvceooda
Dreissena oolvmotoha 12 6
Pisidium I 6

furbellaria
AmDhiDoda

PontoDoreia hovi

Total Denslw lno./dm3) , 2'l 21 28 21 4 9 52 .15 33 24
Richness I 3 I 2 1 1 3 7 5 1
llmoson's Dlvercltv 1 .tfs 1 .62 .stl I .47 . 1 8 .26 1
Shannon-Woiner DlveFlty 0 .90 0 .54 .89 0 .88 1.8'l 1.11 0

Amoco\Rptol xls!corebug\324/98 4 o t 1 7



Appendix B
Proposed Diffuser Site Benthos Data

Number of Benthos Organisms per Cubic Declmeter ldm!
Datei Oct-96 i Oct.96 t- OcG06-r- Oct.96 Oct-96 Oct-96 Oct-g6 Oct-96 Oct-96 i Oct-96

Location 33500 53500 i S3S00 s3500 s3500 s3500 s3500 s3500 s3500 , s3500
Sitei 8.125b i B-250a B.250b i B-500a 8.500b B-750a 8-750b Dr75a D+75b r V+125a

lhironomidae
lhironomidae immature

Chironomini
Chironomus
Chryptochironomus e 6 I I I 3
rnaenopsectn I
Polypedilum t 3 i 3 8 1 8

unhodadiinae 3 4
Corponeura
Dtplocladius 3
Nanocaldius
Orthocladius
Psectrocladius
Stilocladius
Zalutschia

Diamesinae
Cligochaeta 12 20 40 1 5 60 27 44 24 39 36

Tubificid immature
POtOmOmnx

Naididae
Piquetiella

'lirudinae

MaNinmeyeia
Gastropoda

Psudosuccinea 3 3
Amnicola pilsbryi I I 3 12 8 8 4
Bulimnea
Fossara
Marstonia
Physeila
Pleumcera
Radix
Valvata 3 12 I 1 2 12 12 I I
Valvata bicainata

Pelycepoda
Dreissena polymonha 3
Pisidium 20 6 6 6 4 I 6

urbellaria
\mphipoda

Pontoporcia hoyi

Iotal Density (no.rdm') t 8 60 56 12 72 75 88 56 72 rt8
Richness I 3 1 3 6 3 I 7 5 6 3
ampson's Davorsity | .17 .2t .5.1 .23 70.00 .20 .29 .25 .rl{) .29

Shannon-Weher DlveElty i .87 1 . 3 2  i . 8 0  t  1 . 5 7 .gl 1.80 r.55 1.18 i 1.28 72

Amoco\Rpto1 xls\corsbug\3/24l98 5 o f 1 7



Appendix B
Proposed Diffuser Site Benthos Data

ttumUer of Benthos Organlsms per Cublc Doclmotet (dm')

Date Oct 96 Oct-96 Oct-96 Oct-96 Oct-96 Oct-g6 Oct-96 Oct-96 Oct-g5 Oct-g6

Locatlon s3500 s3500 s3500 s3s00 s3500 s3500 s3500 s3500 s3500 s3500
Slto D+l25b Dl250a It+25{rb D+500a D+500b D+750a D+750b A0a A0b C0a

Shironomidae
Ohironomidae immature

Chironomini
Chironomus
ChwDtochircnomus 3

Phaenoosectra
Polvoedilum 1 5 8 4

Orlhocladiinae
Corwoneura
DiDlocladius
Nanocaldius
Orthocladius
Psectrccladius
Sli/ocladius
Zalutschia

Diamesinae
,ligochaeta
Tubificid immature

I 1 6 5 ? 1 5 24 32 21 1 2 2',!

Potomothix
Naididae

Piquetiella
Hirudinae

MaNinmeveia

SastroDoda
Psudosuccinea
Amniala oilsbli 3 4

Bulimnea
Fossa/r'a
Madonia
Phvsella
Pleurwra
Radix
Valvata 4 8 5 4

Valvata bicainata
relvceDoda

Drerssena polvmomha 5 2 3

Pisidium 4 8 4 6 5 3
furbellaria
\mDhiooda

Pontoporeia hoyi

I'otat Denstty (no.tdmr) t 6 32 30 t5 25 21 4 27 20 21
iUchness 3 3 1 1 3 I 3 3 3 2

]lmpson's Dlvor8lty .4 .35 .31 .23 .12 1 .56 .62 .11 .77

3hannon-Welner Diversltv .86 1.0'0 1 1.21 1.33 .95 0 .26 .68 .95 .3E

Amo@\RpOl xls\corebugl3r24/g8 6 o f 1 7



Appendix B
Proposed Diffuser Site Benthos Data

Numbor of Benthos Organlsms per Cubic Declmeter (dm
Date Oct-96 Oct.96 Oct-96 Oct-96 Oct-96 I Oct-96 Oct.96 Oct-96 Oct-96 Oct-96

Loca t i on  s3500  c3501  c3501  I  caso l  r  c3501  I  c3501 :  c i so i ' caao i , cgso t , cgso t
slte cob B+750a B+750b , B+500a i B+500b i B+250a B+250b B+125a I B+125b B+75a

lhironomidae
lhironomidae immalure

Chironomini
cntronomus
cnrypbchironomus 4 3
Phaenopsectn
Polypedilum 1 2 4 3

Orthocladiinae
@rynoneura
Dtploclaclius
Nanocaldius
Otthocladius
Psectrocladius ;
Sf/ocladius
Zalutschia

Diamesinae
ligochaeta 28 32 36 24 24 1 5 24 40
Tubificid immature

Potomothrix
Naididae

Piquetiella
{irudinae

Maruinmeyeia
Gastropoda

Psudosucf;inea
Amni@la pilsbryi 3
Bulimnea
Fossana
Marstonia
IJnysella
Pleurocera
Radix
Valvata 16 4 6
Valvata bicarinata

Pelycepoda
Dreissena polymomha 4
Pisiclium I

Iurbellaria
Amphipoda

Pontoporcia hoyi

fotal DenslW (no./dm'l 52 0 0 52 .00 30 24 21 24 u
Rachness 3 0 0 1 2 3 1 3 I 2

rson's Divenslty .40 1 1 .43 .82 .65 1 ,tl5 1 .83
ran non-Welner Diverstty .98 0 0 1.03 .33 .6r+ 0 .90 0 .30

Arn@\Rptol xls\corBbugBl24/g8 7 ol17



Appendix B
Proposed Diffuser Site Benthos Data

Number of Benthos Organlsms por Cubic Declmeter (dm'

Date oct€6-: oct-96-i oct a6 I oct-96 i oct-96 I oct'96 Oct-95 ; Oct-96 Oct'96 Oct-96

Location: C3501 c3501 c3501 c3501 c350,| c3501 c3501 c3501 c3501 c3501

Slte B+75b B0a B0b B-75a B-75b B-126a B-125b B-250a B-250b i B-500a

lhironomidae
lhironomidae immature

Chironomini
Chircnomus
Chryptochironomus 4
phaan^dea^ta

Polvoedilum 5 4 8 3

Orthocladiinae
Corynoneura
Dplocladius
Nanocaldius
Orthocladius
Psectrocladius
Sfirocradius
Zalutschia

Diamesinae
lisochaeta 1 6 10 28 4 48 52 2E 52 36 27

Tubificid immature
Potomothix

Nai.li.laa

Piquetiella
Hirudinae

MaNinmeveia
Gastropoda

Psudosuccinea
Amnicola pilsbtyi 1 0 4

Bulimnea
Fa-e-qrnt

Ma6tonia
Physella
PleurccF.n
Radix
Vatuata 5 4 1

Valvata bicainata
'ceDoda

Dreissena polwoeha i 8

Pisidium 4

Iurbellaria
qmphipoda

PontoDoreia hovi

fotal Denslty (no./dm3l 20 30 32 tl8 48 68 28 56 4 36

Richness 2 4 2 2 1 1 I 2 2 3

SimDson's Dlver€lW I .66 .25 77 .84 1 .60 I .86 .70 .59

Shannon-Weiner Divercltv .50 r.33 ; .38 .29 i 0 .79 0 .26 .17 .tz

Amoco\Rpto'l xls\corabug\3124r98 8 o f 1 7



Appendix B
Proposed Diffuser Site Benthos Data

Number of Benthos Organlsms per Cublc D,eclmeter (dm
Date Oct-96 Oct-96 Oct-96 Oct-g6 Oct-96 Oct-95 Oct-96 Oct.96 i Oct.96 Oct-96

Locafon c3501 c3501 c3501 c3501 i c3501 c3501 c3501 c3501 c3501 c3501
Slt€ 8-500b B-750a 8.750b Ilr7sa i llr7sb D+l25a r}}125b D+250a D+250b D+500a

lhironomidae
lhironomidae immature

Chironomini
Chironomus
Chryptochironomus J

rnaenopsectft, i

uo,wectttum 5 4 4 3
Orthocladiinae

Corynoneun
utptocacttus
Nanocaldius
Orthocladius
Psectrccladius
Stilocladius
Zalutschia

Diamesinae
lligochaeta 24 20 28 36 1 8 28 1 6 20 12 21

Tubmcid immature
lrotomonnx

Naididae
Pisuetiella

Hirudinae
Maruinmeyeria

Sastropoda
Psudosuccinea I 4
Amni@la pilsbryi 1 I
Bulimnea
Fossanb
Ma/s/lonia
Physella
Pleurc@ra 3
Radix

Valvata bicainata

Drcissena polymotpha 4
Pisidium 3

Iurbellaria
Amphipoda

Pontoporcia hoyi

fotal Denelty (no.rdm') | 21 25 56 39 21 28 21 30 39 33
KtcnneSs 1 2 6 2 2 1 3 2 5 3
lmpEon'3 Dlvenslty 1 .67 .29 .E5 .85 1 .49 .54 | .23 .17

thannon-welnerDlversltv I 0 .50 1.17 .27 .27 0 .87 .5,0 i 1.,06 .86

Amoco\Rptol.xlsborobug\3/24198 9 o f 1 7



Appendix B
Proposed Diffuser Site Benthos Data

ttumOer of aentttos Organlsms per Cublc Declmeter (dml)

Date Oct-g5 Oct-g6 Oct-g6 Oct-96 Oct-g6 Oct-g6 Oct-96 i Apr-97 I Apr-97 I Apr-97

Location c3501 c3501 c3501 c350t c3501 c3501 c3501 i s3500 s3500 I s3500
Sit€ D+500b D+750a IF750b A0a A0b C0a Cob i B+750a B+750b , B+500a

Chironomidae
]hironomidae immature

Chironnmini

Chircnomus
Chryptochironomus 4 o J

Phaenopsectra
Polwectilum 20 12 6 4 6

Orthocladiinae
@rynoneun
Apbcladius
Nanocaldius
Orthocladius 4

Psectroclaclius
Sti,ocrad,us
Zalutschia

Diamesinae
ligochaeta
Tubificid immature

28 44 24 42 1 2 I 12 20 24 3

Naididae
Piquetiella

Hirudinae
MaNinmeyeia

Gastropoda
Psudosuccinea 4 6

Amni@la Dilsb|i 4 4 6

Bulimnea
Fossana
Marstonia 4

Physella
Pleurccera
Radix
Valvata 4 32
Valvata bicainata

'elv@poda

Drcissena polymoeha
Pisidium 4

lurbellaria
qmghipoda

Pontoponia hovi

fotal Densltv (no.rdmrl 52 56 28 48 12 I 20 72 18 6

Rlchness 3 2 2 2 t I 3 7 5 2

SimDson's Dlvel1sltv .l|:l .66 75 .78 I .11 .28 .30 .tlO

Shannon-Welner DlveFity .90 .52 .11 | .38 0 0 .95 1.52 1.39 i .69

Amo€o\Rptol . xls\corcbug!3f24lg8
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Appendix B
Proposed Diffuser Site Benthos Data

Number of Benthos Organisms per Cubic Declmeter (dm'l
FPi-s7

Locatlon s3500 s3500 s3500 s3500 s3s00 s3500 s3500 s3500 , s3500 s3500
Slte B+500b B+250a 8+250b B+125a B+125b B+75a B+75b B0a B0b B-75a

lhironomidae
lhironomidae immature

Chironomini
Chircnomus
Chryptochircnomus 4 4
PhaenoDsectra
Polypedilum 3 8 I 4 5 1 6

Orthocladiinae
C-oNnoneure
Diplocladius
Nanocaldius
Orthocladius
Psectrccladius
St/ocladius
Zalutschia

Diamesinae 5
)ligochaeta 12 12 8 8 I 1 6 30 5 I

Tubificid immature
Potomothrix

Naididae
Piouetiella

Hirudinae
Marvinmeyeia

uastroDooa
Psudosuccinea 72 48 12
Amniala pilsbryi 3 12 I 40 4 I 6

Bulimnea
Fossar'a
Marstonia I I 8 4
Physella 92
Plewoccn
Radix
Valvata 3 24 80 24 4 I 32 1 5 4
Valvata bicainata

PelvceDoda

Dreissena Dolwnonha 4
Pisidium 12 48 80 40 4 4

lurbellaria
{mphipoda

Pontoporeia hoyi

Iotal Denslty (no./dmr) 9 ea 232 300 76 32 68 50 1 5 32
Rlchness 3 5 7 7 6 5 6 3 3 1
Simoson's Diversitv .25 .22 .26 .21 .32 t9 .29 ..t9 .29 .32
Shannon-Wei ner DivonBltv 1.10 1.5' l t .5l 1.67 1.11 't.56 1.45 r .90 1.10 1-21

Amocouiptol .xls\corabugB/24l98 11 o l  17



Appendix B
Proposed Diffuser Site Benthos Data

Number of Benthos Orqanlsms per Cublc Decimeter (dm')
Dato Apr.97 Apr-97 Apr-97 Apr.97 ADr-97 ADr-97 Apr-97 Apr-97 Aor-97 Aor.97

Location s3500 s3500 s3500 s3500 s3500 s3500 s3500 s3500 s3500 s3500
Site B-75b B-125a B-125b B-250a 8-250b B-500a 8-500b B-750a 8-750b D+75a

:;nrronomidae
Shironomidae immature

Chironomini 4
Chironomus
Chryptochironomus 5
Phaenopsectra
Polwedilum I 1 0 4 1 0 q 4 3 1 0

Orthocladiinae
hrynoneura
Diplocladius
Nanocaldius
Orthocladius
Psectt ,ladius
Sf,/ocrad,us
Zalutschia

Diamesinae
rochaela 1 6 12 24 1 5 I 25 ' t0 12 6 5

Tubificid immature
Potomothix

Naididae
Piauetiella

{irudinae

SaslroDoda
Psudosu@inea 4 6
Amniala pilsbryi 36 4 6 5 4 4 6
Bulimnea
Fossana
Ma/sfonia
Physella 4
Pleurcce/a
Radix
Valvata 20 1 6 6 5 4 1 0 5 1 2 27
Valvata bicainata

Pe[oeDooa
Dreissena polymomha 4 3
Pisidium 12 5

Iurbellaria
Amphipoda

Pontoporeia hoyi

Iotal Denslty (no./dmr) 76 32 45 tO 20 .15 20 4 63 20
Rlchness 1 3 1 5 1 3 3 7 7 3
Slmpson's Diverclty .33 .39 .35 .23 .21 .39 .3tt 17 .21 .u
Shannon-Welner DiveElW 1.19 .97 1.19 l.'09 1.33 I 1.00 1.04 r.E0 1.V Ll0

Amoco\Rptol xls\corabugB/'24l9E 12 ol '17



Appendix B
Proposed Diffuser Site Benthos Data

Number of Benthos Organisms per Cubic Declmeter ldm
Dat€ Apr-97 Apr-97 Apr-97 Apr-97 Apr-97 Apr-97 Aor-97 Aor-97 r ADr-97 Aor-97

Location s3500 s3500 s3500 s3500 s3500 s3500 s3500 I s3500 s3s00 i s3500
Slter D+75b D+125a I Dr125b i D+2SOa I D+2S0b t)+Sooa i D+SOOU , D+ZSOa .D+750b ,AOa

chironomini
Chircnomus
Chtyptochitunomus 5 5
Phaenopsectra
Polpedilum I 5 5 5 25

Orthocladiinae
6rWoneura
Diplocladius
Nanocaldius
Ofthoclaclius
Psectrocladius
nruoc,aotus
Zalutschia 5 i

fligochaeta 12 10 , 4 Za
r uortctq

25 12 30 5

Potomothix
Naididae I

Piquetiella
lirudinae

MaNinmeyeia
Gastropoda

Psudosuccinea 4 35
Amnicgla pilsbryi 5 1 0
Bulimnea 5
Fossa/'r'a
Marstonia 8 4 4 5

1 0

Valvata 5 1 6 20 1 2 5 20 80
vatvata D,cannata

Pelycepoda I
Drcissena polwoeha 5
Pisidium 4 1 0 1 0 4 60

l-urbellaria
\mpntpoda

Pontoporeia hoy!

Total Denslty (no./dm3) S 52 55 24 35 30 12 1 t0 8 200
Richness ,| 6 6 1 3 2 ,| I 2 7
Simpson'9 Daverslty , 1 l9 .2'l .30 .5tl 71 1 17 .43 .28
Shannon-WeinerDiverslty i 0 i ISZ T 1.6.1

- 1.21 I .80 .45 i o 1.86 .69 1.46
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l,turnler of genthos Organlsms per Cublc Declmeter (dmr)

Datel Apr-97 Apr-97 Apr-97 Apr-97 Apr-97 Apr-97 Apr-97 Apr-97 I Apr-97 Apr-Y'

Location s3500 s3500 s3500 c3501 c3501 c3501 c3501 G300r u:t5ur

Slts A0b C0a c0b B+750a B+750b B+500a B+500b B + 2 5 0 a i B + 2 S 0 b r B + i 2 S a

]hironomidae
lhironomidae immature

Chironomini
Chircnomus
ChwDtochironomus
PhaenoDsectn
PolvDedilum I 4 1 2 20

Orthocladiinae 5

&rynoneura
Diolocladius
Nanocaldius
Otthocladius
Psectrcclaclius
Strirocradius
Zalutschia

Damesinae
ochaeta 32 1 0 4 12 4 24 5 5 36

Tubificid immature
Potomothix

Naididae
Piouetiella

Hirudinae
MaNinmeyena

Gastropoda

I

Psudosuccinea 40
20

4
12

c

Amniala oilsbrv 4 8
Bulimnea I
Fossan'a
Ma'€,tonia I
Physeila I 5

Pleurwn
Radix 4

Valvata 80 1 5 4 32 4 3 1 6 1 0 1 0 I

Valvata bicainata
elvceooda

Dreissena polvmomha 3 32
Pisidium 160 I I 5

furbellaria
mphipoda

Pontoporcia hoyi

Total Denslty (no.rdmn) 34 25 u 60 8 6 tO'f 30 20 64

Richnoss 9 2 5 5 2 2 6 5 3 3
nDson's Dlverslty .29 .50 .27 .stf ..|i} .40 .20 .20 .34 .12

Shannon-Welner DivercW 1.5it .67 1.11 1.29 .69 .69 r.68 1.56 r 1.10 .95

Appendix B
Proposed Diffuser Site Benthos Data
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Appendix B
Proposed Diffuser Site Benthos Data

Number of Bonthos Orqanlsms pot Cublc Declmeter (dm'l
Date Apr-97 Apr-97 Apr-97 Apr-97 Apr-97 Aor-97 Apr97 Apr-97 Apr.97 Apr-97

Location c3501 c3501 c3501 c3501 c350't c3501 c3501 c350t c3501 c3501
Site B+125b B+75a B+75b B0a B0b B-75a B-75b B-125a B-125b B-250a

3hironomidae
3hironomidae immature

Chironomini
Chironomus
Chryptochironomus 4 8
PhaenoDsectn
Polvoedilum a 4 1 0

Orthocladiinae
Corynoneura
Diplocladius
Nanocaldius
Orthocladius
Psectrccladius
Stilocladius
Zalutschia

Diamesinae
Clioochaeta 1 0 1 6 35 20 5 1 0 1 4 I

Tubificid immature
Potomothix

Naror0ae
Piquetiella

Hirudinae 5
MaNinmeyeia

3astropoda
Psudosuccinea
Amniala pilsbryi 5
Bulimnea
Fossana
Marstonia 5 20
Physella
Pleurocera
Radix
Valvata 5 5 1 5 5 4

Valvata bicainata
)elycepoda

Dralssena polvmomha 20 5 5
Pisidium 1 0 5 5 1 0 I

I urDellana
\mDhiDOda

Pontworeia hovi

fota! Ilenslty (no,rdmr) 20 21 55 60 25 25 20 l 5 11 28
Richness 3 3 1 5 2 3 3 2 1 4

llmpson's Diverslty .34 .r[8 .39 .25 .67 .12 .3tl .52 1 .A
lhannon-Weinor DiveFltv 't.04 .87 t . r0 1.45 .50 .95 1.0'l .54 0 1.35

Arnoco\Rptol xls\corebugB/24rg8 15 o f  17



Appendix B
Proposed Diffuser Site Benthos Data

Number of Bonthos Oroanlsms Der cublc lleclmoter (dm3l
Date Apr-97 Apr-97 Apr-97 Aor-97 ADr-97 Apr.97 Apr-97 Apr.97 Apr-97 Apr-97

Location c3501 c3501 c3501 c3501 c3s01 c3501 c350r c3501 c3501 c3501
Slte B-250b B-500a 8-500b 8.750a 8.750b I}}75a D+75b D+I25a D+t25b D+250a

Chironomidae
Chironomidae immature

Chironomini
Chironomus
cnryptochironomus 1 0 5 5
Pnaenwsectra
Poupedilum 1 5 5 25 20 4 1 0 1 5 1 2

Orthocladiinae
C,orynoneurc
Dtploclactius
Nanocaldius
Orthocladius
Psectt@ladius
Stilocladius 5
Zalutschia

Diamesinae 4
ligochaeta 5 5 5 20 12 1 5 10 5 I
Tubificid immature

Potomothix
Naididae

Ptquet ella
Hirudinae

MaNinmeyeria 4
Gastropoda

PSUCiOSUCCtneA 5 1 5 5
Amnicola pilsbryi 1 0 1 0 1 0 4
Bulimnea
Fossana
Ma6tonia 5
Physelle
Pleurccera, 5
Radix
Valvata 5 5 1 0 20 20 5 4
Valvata bicainata

)elycepoda

Dreissena Dolvmonha 5 5
Pisidium 1 0 20 1 5  ;  4

urbellana
Amphipoda

Pontoporcia hoyi

Total Denslty (noJdm') 35 t5 1 5 75 t l0 20 35 ,|() /30 36
Richnoss 1 3 2 6 7 3 1 5 5 6
lmpson's Dlvorclty .26 .29 .52 .22 1 5 .at .29 .23 .23 .19

Shannon-welnor DivetEity 1.2E 1.10 .6tl 1.62 1.87 .95 1.28 1.49 1.49 '  1.67
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Appendix B
Proposed Diffuser Site Benthos Deta

Number of Benthos Orqanisms Dor Cubic Declmeter ldmr)
Date Apr-97 Aor-97 | Aor-97 Apr-97 Apr.97 Apr-97 Apr-97 Apr-97 Apr-97

Location c3501 c3501 | C3501 c3501 c3501 c3501 c3501 c3501 c3501
Slte D+250b D+500a D+500b D+750a D}750b A0a A0b c0a c0b

lhironomidae
lhironomidae immature

Chironomini
L;ntonomus
Chryptochircnomus E 5 5
Phaenopsectn
Polypedilum 1 5 12 6 4 5 5 1 0

Orthocladiinae
6runoneun
Diplocladius
Nanocaldius
Otthocladius
Psedmcladius
Si'7oc/adr'us 5
Zalutschia

Diamesinae
ligochaeta ' t5 3 6 5 4 ' t0 1 0 35
Tubificid immature

Potomothrix
Naididae

Piquetiella
{irudinae

Maruinmeyeia
Gastropoda

Psudosuccinea 1 8 25
Amnicola pilsbryi 1 8 5 45
Bulimnea
Fossara
Marstonia 6 1 0
Physella 5
Pleurocea
Radix
Valvata 60 5 9 24 1 5 4 5 1 0 50
Valvata bicainata

)elycepoda

Dreissena polyrnorpha
Pisidium 1 8 6 10 100

Turbellaria
Amphipoda

Pontoporcia hoyi

otal Denslty (no./dm'l 12O tl0 21 42 30 12 30 35 280
Richness 5 1 3 rl 1 3 5 1 8
Slmpson's Diversity .3'l .29 .38 .37 .31 .n .20 .A .21
Shannon-Weiner Diverclty 1.35 1.26 .97 1 . 1 5 1.24 1.10 ,t.56 1.35 1.75
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Appendix B
Proposed Diffuser Site Zooplankton Data

Number of Zooplankton per Cubic Meter (No./M')
Date May.95 May-95 May-95 i May-95 Itlay-95 May-95 J u n - 9 6 r J u n - 9 6 , J u n - 9 6 Oct-96 Oct-96

Location; G3501 C3501 C3501 53500 1 S3500, 53500 : S3500 s3500 i s3500 c3501 i c3501
lotffera \ 1726 ' 2474 1540 588 629 400

Ascomooha ovalis
Asplenchna piodonta

Asplenchna hefticki 1218 1644 1231
Kanlelta @chlaeds 6
Kantella cnssa
Kantella lonaisDine
Pbesoma truncatum
Polyarthn 211 307

lrustacea
Cladocera 66 112 145 63 218 248

Bosmina tongircstis 26 1 3 508 567
Daphnia
Microcyclops va rica n s ru bellu s 77 173 231

Copepoda 21 33 1 2 1 1 30 1 9
E iacyclops bicu sFidatus thomasi 483 69i
Diaptomus 667 1808 | 1065 2693 340!
Mesocj,crops edex 1 9 1 S
Copepodids 1115 1412 1099 696 1173 799 179 114
Nauplii 487 772 578 422 540 666 2038 1058 526 539 957

fot'l Donllty (noJcu. Ml 3'll6 t1803 3371 1780 2590 2131 1205 4693 3180 'f459 595t
llchners 3 3 3 3 3 3 4 3 4 6 6
iimpson'e Oiverllty 0.38 0.38 0.35 0.32 0.31 0.29 0.35 0.32 0.3 0.41 0.38
thannon-Welner DiveElty ' 1.09 1 .11  i  1 . 18 1.22 1.29 1.34 1.24 1.r  9 1.36 1.22 1.27

oate Oct-96 Oct-96 Oct-96 Oct-96 Aor-97 ADr-97 , ADr-97 Aor-97 ADr-97 Aor-97
Locatlonr C3501 s 3 5 0 0 i s 3 5 0 0 ' s 3 5 0 0c3501 c3501 c3501 s3500 s3500 s3500

Rotifera
Ascomo@ha ovalis 26 33 44 48 37
Asplanchna iliodonta 70 73 1 6 1 8 88 1 9
Asplanchna he'7icki
Kaatelle @chleads I I
Kentelle c/a,sse I 44
Ke.a.telle tongisFine
Ploesoma tuncatum I 1 6 1 9
Polyafthn 437 297 223 266 I I 28

Crustacea
Cladocera

Bosmine longirosttis 325 6(X 455 415 35 21 24 1 8 I
Daphnie 8
Mic,gcyclops v a ican s ru bellu s

Copepoda
Di acyclops bicu sfidatu s thom e si 362 I  1161 994 994
Aapbmus 2619 5006 3873 3873 150 42 49 88 't20 65
Mesocyclops edax 1 9 I
Copcpodids 56 93 93 1 8 I I 32 1 9
Nauplii 446 762 7U 7U 3507 2681 1502 4123 5235 2233

fot l Denrlty (noJcu. lll ttl98 7914 6381 6375 3821 2817 1648 '0:l53 5547 2120
Rlchnea! 5 7 6 5 6 3 6 6 5 5
llmplon's Diver3lty o.12 0.11 0.41 o.11 0.84 0.9 0.83 0.89 0.E9 0.E5
thannon-Weiner Dive1!lty ' f  .19 , 1.73 | 1.22 | 1.21 0..11 O.21 0.45 0.29 0.3 0.tl

Amoco\Rplol.xls\zooplktn\3/24l98 1 o f  1



Appendix B
Proposed Diffuser Site Phytoplankton Data

Taxa Number of Cells per milliliter (No./mL)
Datel May-95 i May-95 May.95 i May-95 May-95 May-95 Jun-95 Jun-95

Location c3501 C3501 c3501 s3500 s3s00i s3500I 53500 i S3s00
lhlorophyta

Actin astru m hanfzsct l Lagerheim
Ankistmdesmus braunii (Naeg.) Brunthatler 5 7
Chlamydomonas grobosa Snow 1 8 12 6 35 44 25
Chlamydomonas sp. Ehrenberg 1 3 1 8 54 43
Chlorcilarchbrccoccum humicola (Naeg.) Rabenhorst 30 23 7 1 6 1 8 45 60 84
Cosmaium sp. Corda 3 1
Elakatotrhix whdrs (Snow) Printz
Golenkinia paucispina West & West 0.5 1 1 9 1 2
Pediastrum boryanum (Turp.) Meneghini
Pediastrum simprex (Meyen) Lemmermann
Scenedesrrus b ijuga Fue.) Lagerheim 1
Scenedesrnus bras/iensls Bohlin
Scenedesmus quadicauda (Turp.) deBrebisson 4
Scenedesmus sp. Meyen
Se/erastrum minutum (Naeg.) Cotlins 37 28
Se/enaslnrm westii G.M. Smith
Sphaerocysfis sclrroetea Chodat 35
Unknown green spheres

Cyanophyta
Agmenellum tenuissima Lemmermann
Aphanocapsa delicatbsi/ra West & West at 1 0
Ch rc,ocp,ccu s li mnet bus Lemmermann 4 1
Chtoococcus mino,' (Kuetz.) Naegeli 7 4 8 1 0 7
Go m pho s ph a e i a racuslrs 0.5 1 3
Microcystis aeruginosa Kuetz. amend Elenkin 1 3
M icrocysti s ince ft a Lemmermann I 1 1
Oscill atori a lii m net ica Vaucher 1 8 2

Chrysophyta
Cladomonas fruticulosa Stein 35 1 0 4
Dinobryon cylindicum lmhoff ex. Ahlstrom 1 9 1 8
Dinobtyon sociale var. ameicum (Brunn.) Bachmann 320 359 336 465 314 420 194 91
Mallomonas caudata lwanoff 1 4 16 5 41 37 20 1 0 1 5
Mallomonas sp. Perty

rynhophyta

Ch rcom on a s nord sfedfii Hansgirg.
Glenodinium pulviscurus (Ehr.) Stein 1

Cryptophyta
Cryptomonas ercsa Ehrenberg 23 32 9 23 37 52

Euglenophyta

Euglena Ehrenberg 6 i 3 i 6

-
I+

1 i
-

Bacillariophyta (Diatoms) , 440 , S23 265 455 5 1 8 654 253 210

fotal Non-Diatom Algae Den{ly (cetls/mL) 451 537 370 616 493 585 423 310
Richness 8 9 E 1 1 t l I t 5 1 2
limpson's Divercity 0.52 0.46 0.82 0.58 0.43 0.53 0.26 0.19
Shannon-Weiner Oiversjty i . f i  |  1.29 0.48 1.03 1.37 1.06 1.80 1.90
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Appendix B
Proposed Diffuser Site Phytoplankton Data

Tara Number of Cells per millaliter (No.rmL)
Date Jun-95 Oct-96 Oct-96 Oct-96 Oct-96 Oct-96 Oct-96 Apr-97

Locatlon s3500 c3501 c3501 c3501 s3500 s3500 s3s00 c350r
lhlorophyta

Adinastrum hanfzschl Lagerheim 2
Ankisttdesmus briaunl (Naeg.) Brunthaller 7 1
Chlamydomonas grobosa Sno$,
Chlamydomonas sp. Ehrenberg 35 108 58 77 78 55 94 42
ChlorellatChlorococcum humicola (Naeg.) Rabenhorst : 32 31 20 36 48 47 61 42
Cosmaium sp Corda 1
Elakatotthix uhdis (Snow) Printz 2
Golenkinia paucisplha West & West 1 0
Pediastrum boryanum (Turp ) Meneghini 2 2 4 3 2
Pediastrum sinprex (Meyen) LEmmermann 1 2 2 I

Soenedesmus biju,ga (Tum.l Lagerheim
Sc€nedesmus brasitbnsis Bohlin
Scenedesmus guadricauda (TuO.) deBrebisson 4 'l 4 2
Scanedesmus so. Meven 3 7 6 1 1 3
Sehnastrum minufum (Naeo.) Collins 25
Se/enaslrum !rcsti G.M. Smith 2
Splraerocystis schroefen Chodat
Unknown grcen spheres

Syanophyta
Ag menellum ten u issima Lemmermann 1 1
Aphanocapsa delicatissima West & West
Chrpococcus limnelicus Lemmermann 6
Chroonrcus minor (Kuetz.) Naegeli 7
Gom p h o sp h ae i a racuslns
Mictocystis aeruginosa Ku€tz. amend Elenkin 2 1
Microcystis ince,ta Lemmermann
Oscillatoda liimnetica Vaucher

Shrysophyta
Cladomonas fruticulosa Stein 7 33 24 29 61 44 50 93
Dinobtwn cylindicum lmhoff ex. Ahlstrom 35
Dinobryon sociale var. americum (Brunn.) Bachmann 1 y 1 ?

Mallomonas caudala lwanoff 1 3 9
Mallomonas sp. Perty 1 9 I 1 5 1 5 9 22

)ynhophyta

Ch roomonas nod stecltii HansgirE 200 1 1 6 195 124 105 203 75
Glenodinium pulviscurus (Ehr ) Stein

lryptophyta

iuglenophyta

Euglena Ehrenberg
3acillariophyta (Diatoms) 359 437 2U 452 289 33s 410 185

fobl Non0iatom Alqae Donsity (cells/ml) 309 401 239 365 33f 271 439 270
lichne8s 12 9 1 1 1 1 I 10 10 7
Simpson's Diverslty 0.23 0.33 0.31 0.35 0.25 0.25 0.29 0.24
Shannon-Weiner Diver13ity r.E6 1.37 i  1.48 1.4 f . i l 1.59 1.47 1.55
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Appendix B
Proposed Diffuser Site Phytoplankton Data

Taxa Number of Gells per milliliter {No./mL)
Datel Apr-97 i Apr.97 Apr-97 Apr-97 , Apr-97

Location c3501 c3501 s3500 s3500 s3500
Shlorophyta

Actinastrum hantzschii Lagerheim
Ankistrodesmus braunii (Naeg.) Brunthaller 3 3 J

Chlamydomonasglobosa Snow
Chlamydomonas sp. Ehrenberg 48 36 33 36 54
ChlorellaEhlorococcum humiala (Naeg.) Rabenhorst 60 69 24 48 39
Cosmaium so. Corda
Elakatotthix wndr.s (Snor) Printz
Golenkinia paucispina West & West
Pediastrury boryanum (Turp ) Meneghini
Pediastrum sizplex (Meyen) Lemmermann
Scenedesmus bijuga (Tun ) Lagerheim
Scenedesmus bras,Tiensis Bohlin
Scenedesmus quadricauda (Turp ) deBrebisson J 3 3
Scenedesmus sp Meyen
Serenaslrurr minutum (Naeg.) Collins
Selenastrumwesili G M Smith 3 3
Sphae/Dcystis schroeten Chodat

Unknown green spt e/€s 3 6 12 6
jyanophyta

Agmen ellum ten uissim a Lemmermann 3 3
Aphanocapsa delicaflss/na West & West
Chroococcu s li mneilbus Lemmermann 6 't2 3 3 3
Cht@coccus minor (KueE ) Naegeli
G om pho sphae ia /acusfns
Micrccystis aerugrhosa Kuetz. a/rend Elenkin
Mtctocysils tncena Lemmermann
O scill atoi a li im nelica Vaucher

Chrysophyta
Cladomonas fruticurosa Stein 87 120 66 u 75
Dinobryon cylinddcum lmhoff ex. Ahlstrom
Dinobtyon sociale var. americum (Brunn.) Bachmann ? 3
M a llomon a s caud afa lwanoff 27 1 8 21 9 1 2
Mallomonas sp. Perty

2ynhophyta

Ch roomon a s nord stedtri Hansgirg 87 60 48 36 57
Glenodinium pulvisculus (Ehr.) Stein

]ryptophyta
Cryptomonas erosa Ehrenberg

:uglenophyta
Euglena Ehrenberg

Bacillariophyta (Diatoms) 162 1 1 0 56 89 121

otal Non-Dialom Algae Density (cetts/mL) 324 333 210 225 252
l ichness 9 1 1 I I I
Simpson's Divercity 0.20 0.21 0.20 0.23 0.20
Shannon-Weiner Diversity 1.71 '1.76 1.76 1.64 1.7
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Appendix B
Proposed Diffuser Site Phytoplankton Diatom Data

Mav-95 Jun-96 Oct-96
Taxa c3501c3501c3501s350(s3500t s3500s3500s3500t s3500c350 c350

4cf,narltres afttnis Grunow
qchnanthes exigua Grun. in Cleve & Grunow 1 2
qchnanthes exigua vai. hetercvatvala lcasske 2 1
qdrnanthes ctavai ver. rostrata Hustedt 1
qchnanthes ftexelle Kuts.ing 1
qchnanthes lanceoleta ver /ostrata (Ostrup.) Hustedt

Achnanthes lineais W. Smith

Achn a nthes miqoceptere Kutzing

Achn a nthes minufrbsma Kutzing I 3 3 1 1 1 o 1

A m ph i pl e u ra pel I u ci d a KuEing

Amphora pediculus KuEing 1 1 2 3 3 1 1 1 I 1
qmphorc perpusilla (Grun.) Grunow 2 1 1 3 1 4 1 1 I

qnomaeoneis sedans var. bnchysira (deBreb.) Husted 1
qnomoeoneis vrfilBa (Grun.) Ross 6 1
qsbionella fomosa Ha$al 44 36 16 1 7 26 45 1 9 I 25 I 1 9
quracoseira embigtua (Grun.) Simonsen
quhcosein distans var. ,nata 3 7 9
qubcosein gnnulela (Ehr.) Simonson 2 1 1
qubcosein islandica (O. Muller) Simonsen 6
quhcoseira italica (Ehr.) Simonson

Aulacoseirc italica var fenuiss,ma (Grun.) Simonson 1 1 1 1
Caloneis becillum (Grun.) Meresch. 1
Coccaneis pedi culus Ehrenberg

Cocconies plecentula var euglypta (Ehr.) Cleve 1 2 4 4
iocconeis plecentula var. lineata Cleve 3 6 3 3 3 5
jocconeis thumansis A Mayer 1 1 1
=ycloteila compte (Ehr.) KuEing 2 1

)ycbtella meneghiniana Kueing

)ycloteila michiginiana Skv. 5 3 1 6 I 8 1 0 I
)ydoteila ocellata Panl 1 ,| 3 49 1 5
)ycloteila pseudoste/,gera Husted 1 1 1
C,rcroferra sodar,is Schutt 3
Cycloteila steiligera (Cle\re et Grun.) V.H. 3 3 1 3 3 1 3 4 4 1 1 11
Cwatopleun eiliptica (deBreb.) W. Smilh

Cymatopleura solaa (deBreb.) W. Smith 1
Cymbella afttnis Kutzing 6
Cy m be lla a m phicephala Naegeli

Cymbella cuspidala Kutzing 1 1 3 I

iymbetla micrccephala Grunwl 2 t
Cymbelle minuta var pseudogncilis (Choln.) Reim 1

2ymbella navianliformis Auerswald 1

?ymhlla parua (W. Smith) Gleve

ipbella or'rytsille A Cleve 7
iWEila ptusteta (Berkeley) Cleve 1
iwbetla venlrrcosa Kutsing 1
)iatoma anceps (Ehr.) Grunov 1
)iatoma tenuis P,ger(lh 4 71 46 68 72 90 35 25 40 4 1
)iatoma tenuis var elongatum Lyngbye 78 90 39 54 55 79 92 70 98
)iatome vulgare Bory

)ietomavulgarc var Breve 1 6 2 5 5 6 1 1 3
>iploneis ovalis (Hilse ) Cleve

)iploneis puetle (Schumann) Cleve 1
=pithe mi a em a,ginat a Andreu,s 1
= ngil a ia brci stri ata Grunow 1
. ngilada ca pJcin a Desmzeires 1 4
=ragilada capucine var. gracffs (Ocstr.) Hust€dt 25 39 1 7 40 39 33
=Egilaia capucina ver. mesolepta (Rabh ) Grunow 26 36 1 1 1 8 1 9 33
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Appendix B
Proposed Diffuser Site Phytoplankton Diatom Data

Mav-95 Jun-96 Oct-96
Taxa c3501c3501c3501s350cs3500s3500s3500s3500s3500c3501c3501

=ngiteia capucina var. vaucheriae (Kuts ) Lange-Bertalot 49 45 1 8 21 7 16 1
=ngilaia consturE s (Ehr.) Grunoyr
=ngitaia coastruens var bmods (Ehr ) Grunow 6 1 0 20 48 67 85
=,agilaia construens va?. venter (Ehr.) Grunow 3 6 32 28 37 4 1
=raedrata crDlonensrs Kitton 6 4 1 5 I 4 I
=r8/gileia delicatissrime (W. Smith) LangeBertalot
=ragilaia intemedia GF.ln,o^'I 1 2
=ngilei a Finnata Ehrenberg 1 2 2 I 5 6
=ngilaia tena.a (W. Smith) Lenge.Bertalot
Fngtlada u'r€scens Ralfs 21 29 44 7 3
Gomillonema angustatum var producfa GrUnoIn 3
iomphonema intdcatun Kutsing 1

Gomphoneme olivacaurn (Lyngbye) Kutzing 1
Gonphonama pa|ulum (KuE ) Grunou,

Gy'os/g/ma acuminatum (Kutz.) Rabh. I

Velosi.a vadans C.A. Agardh 1 2 I I 3 4

Vavidla 2 1 I

Varrcura awens,s Husl 1 I 5 2 1

U avicula ca Fitate Ehrenberg 1 7 2 4 6 3
Navicula caFiteta var. ,uneberlpnsis (Grun.) Patrick

Nevicule cincte (Ehr.) Kutsing

Uavic//,la c€'tnii (Hilse.) Grunow 2
Uavicula @ntenta Grunwt

U avicula qy ptoc€ phara Kutrin g 1 4 2 I 1 1 6 1 1 2 2
Val/,cuh cryptoephara var. exifs Kutsing 1

Vav,cura ftrgaris Hustedt
Uevicuta gestrum (Ehr.) Donkin I 1 1

\ aviclla g/.acilis Ehrenb€rg

\ avicuta hu'4/adca Gntnwt 1 1 3
Vav,bura racustrs Grgory ,| 1 1 1
Vavicula meniscutus Schumann 1 2
Vavicula minima Grunon 1 1 1 I

U awcuta m.ttica l<ttts.ing

Uavtcu,a nitophila B. Petersen 1
Vavicula pergtsilla Grunolw

Vay4,cula pseudorcinherdfi; Patrick 1 3 1 I 3 2
Uewcula pupla Kuuing 1 1 1
Vavicu,a puprla vat. mutata (lcasske) Hustedt 1 1
Vavr'cura pusro Clew ,| 1 3 1 3 3
Vawcura rEdrosa Kutsing 1 1 1 1 I

Uaviilla ndiosa vat. Enetla (deBreb. ex Kats.) Grunil 1 t
vrwarra scrrmassmannii HGtcdt
Navicula seminutum Gruno|n 2 1

Nevicuta 1 1

Vav,'cura subtT,ssrma Cleve 1
Navicu/E sy'1'1,mefuica Pafi.j/ck 1 2 1 3
Vavicula vafiostnta Krasske 1

Ueidium du&um (Ehr.) Cleve 1

Uiaschia (longissima?) (deBreb.) Ralfs 1 1

uiaschia aciculads W Smith 1 5 't0 1 5 5 7 7 2 5 1

Uiasdia amdliila Gru,no,l 1
Ulhschia angustala (VV. Smith) Grunow 1 1 2 2 2 6

vrfzschia denfcula Grunow 1

Vitzschia drbsipata (Kuts.) Grunow 1 0 4 3 I 5 4

Vitsschia rbafcora Grunry 3 8 2 2 3 6

Vitsscr/a fn sturum Grunow 3 1 2 1 1 30 't1

V,tzsclria GLRD t 1 4 1 4
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Appendix B
Proposed Diffuser Site Phytoplankton Diatom Data

Mav-95 Jun-95 (JCt-9tt

Taxa c3501c350 c3501s3500s3500s3500s3500s3500s3500c3501c350
UiE schi a gncilis Hantzsch 1 0 1 1 I I 1 3 23 3
Uiaschia lineais W. Smith 4 5 6 1 3 1

Vifzschia pareac€a Grunow 6 5 ,| 5 3 4 64 48

Viaschia romana Grunow 61 30
U iE schia su blinears Hustedt 1 3 1 3 5 5 1 7 1 5
UiE schi a them e lis Kutr.ing 1
Thizosolenia edensrs H.L. Smith 3
?hcicasphenia cuwata (Kutr.) Grunoiv 2 1 2 3 1

;etlophon bacillum (Ehr.) D. Mann 1

SlepDarrodiscus a/pnus Hust. 2 3 5 25 1 7

Steptanodiscus rranfrsctrii Grun. in Cleve & Grunow 46 45 1 7 30 40 29 20 1 8 22 43 47

Sleptraaodiscus henaschii var. Enuis (Hust.) Hakensson & Stoermer 1 0 6 1 6 33 35
Stephenodiscus niagarae Ehrenberg 3
Stephanodiscus paruus Stoermer & Hakansson 1 3 1 7 6 5 6 4 3 2
Suirctla didwa l(rts'ing 1 1 2 1 1

Suirella lineads W. Smith 4 1

iuirella oveta K)'aing 1 1 1
Sutirclh oveta vat. pinnata W Smith

,|

lwedra acus var. angustssrma Grunour 9 1 1 1 7 4 2
9yt edn delicatissima W Smith 1 3 I 7 '|'1 1 0 1 1 1 0 I 23
Syradra nena Meister 4 1

Smed/a pulchetta Kuaing 1
Syt edra utna (NiE.) Ehrenbrrg 2 2 2 1 2 1 2
,ynedn ulna var. ctraseana Thomas 1 1 6 4 5 I 10 1 2
9medn ulna ver. danica (Kutz.) Grunour 5 4 5
Tabellaia flocculosa (Roth) Kutsing I I 1
fabelleie quadiseptafa Knudson 1 1 1 1 I 2 2 1 1

fotal Diatom Denlity (celllrml) 40 523 265 455 518 654 253 210 359 437 284

l ichneBs 38 47 45 46 50 54 26 36 35 47 37
limpson's Diverslty 0.08 0.08 0.08 0.07 0.07 0.07 0.17 0.15 0.13 0.08 0.09
Shannon-Weiner Dive]3lty 2.78 2.93 3.01 3.03 3.12 3.',i-2 2.29 2.46 2.51 2.95 2.69
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Appendix B
Proposed Diffuser Site Phytoplankton Diatom Data

Oct-96 Apr-97
Taxa ic3501s3500: s3500i s3500i c3501 c3501c3501s3500 s3500,s350(

qchnanthes effinis Gunow 1
qchnanthes exigua Grun in Cleve & Grunow
qchnanthes axigua vat- hebrcvalvata lcesske 3 3
qchnanthes c/€{rei ver. rostrata Hustedt
qch n a nth e s f, ex el I a Kuts;ing

{chnarrthes lanc€,olata va?. rosrrata (Ostrup.) Hustedt 1 1
qchnanthes linaads W. Smilh 1 1
qchn e nthes miqoc€phara Kutsing 1 2
qchnanthes minutissima KuEing 7 3 3 6 2 2 1 1 1
qm phi ple un pell u ci d a Kttz'ing

lmpho,r8 Fdiculus Kuts;ing 1 3 2 3 1 1 1 2 1 1 1
qmphon petpusilla (Grun.) Grunol 1 3 2 2 1 1 1 1
Anomoeoneissedens var bnchysin (deBreb ) Husted 2
qnomoeoneis vftrea (Grun.) Ross : 2 7 4
qs/edonella formosa Hassal 3 1 0 5 8 1 z 1 1 1 1
^ula@sein emwa (Grun.) Simonsen 1 1 1 1
quritcosoira drsrans var. linta
qub@sein gnnulafa (Ehr.) Simonson

{ulacoscin islandice vaJ. l€lvetica
qu,ec',sei'P ilalica (Ehr.) Simorcon
qda@sein italice yar. fen.r,ssiira (Grun.) Simonson 2 1
)aloneis bacillum (Grun.) Meresch. 1
Coc@neis pedianlus Ehrcnbcrg 3 1 1
e.;&@nies placentula ua'. euglnta (Ehr.) Cleve 4 3 3 5 3 2 1 1 3 2
Coctaneis ptacentula vat. lineata Clcve 1 1 1 1 1
Cocqoneis thumergs A. Mayer I 1 1 I 1
Cycloteila @mila (Ehr ) Kutsing 2 2 1 1 1 1 1 1
Cycloblla meneghiniana Kutsing a

I 1 1 1 I
aycbtelb michiginiana Skv. 12 1 1 9 11
C@tetla occilata Panl. 44 1 4 42 45 1 0 3 1 1 1 2
Cle,obrra pseudosterrigera Husted
iJ,E oterra sod'ars Schutt 2 3 1 1
iycloteila stellig€'e (Clew ct Grun.) V.H. 20 4 7 12 14 22 1 7 8 1 5 1 6
)ymato&uE eltiilica (deBreb.) w' Smith 'l 1 1
2wetodeun solae (deBreb.) W. Smith
jwbe,ta aninis Kutzing 1 3
)Wbeila amphicephala Nacgeli 1 1 1 1
)ymbetla cusqdata Kutsing

)ymbetle midocephela Grunow 1 3 1 1 1 1 1
)ymbella minuta var. pseudogncilis (Choln ) Reim

)Wballa navicu lifotmis Auersweld

2ymbella parue (W. Smith) Cleve ,|
)Wbella petpusilta A. Cleve 4
jymbeila gostata (Berkaley) Cleve 2
)ym be tla ve nt i @s a Kuts;ing 3 4 2 1 1 1 1 1 1
Natoma en6ps (Ehr.) Grundv

)iatoma tenuis Aq,erdh 1 3 1 2 3 4 5 1 3 3
Watoma tenuis va?. cbngatum Lyngbye

Aabmavugarc Bory 2 1 3 2 3 3
Aabma vulgarc var Brerrc 1 1
)ifloneis ovalis (Hilse.) Cleve 1
Diploneis pueila (Schumann) Cleve

E githentia em argi neta Andrews
tr n gitada brcvistiala Grunor 1
=ngilaie capJcina Desmz€ires 5 1 3 1 2 2
=ngilaria captcina var. graoirb (Oestr.) Hustcdt ,| 1 1 1 1 I
='agil.ia capucina var. me lepta (Rebh.) Grunil
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Appendix B
Proposed Diffuser Site Phytoplankton Diatom Data

Oct-96 Apr-97
TNr. c3501s3500 |s350cs350cc3501c3501c3501s3500s3500s350(

=Bgileia captcina var. vauchedae (Kutz.) Lange-Bertalot 8 6 5 4 6 4
=ngilaria consfu/Bns (Ehr.) Grunorv 1 1 4 5 1 I 3 3
rngitada construens var. Unodis (Ehr.) Grunor
trngileda conslruens var venter (Ehr ) Grunolv 1 3 3 I 1 3 2 1 1 1
.ngilaia crotoners,s Kitlon 3
=ngilaia delicatissima W. Smith) Lange-Bertalot 1 1 1 1 1
= ngilaia intemedia Grunow 3 6
'ngilana Finnata Ehrenberg 1 I 1 1 1 1
=ragilada lerera (W Smith) Lange-Bertalot 1
= Bgilaia virescers Ralfs 1 7 25 1 7 6

?omplzonema angustatum var. ptoducla Gruno\ r 2 2 2 1
iomphoneme inticatun Kutzing

iomdlonema ofNacaom (Lyngbye) Kutring

iomphorcma parwlum (Kutz.) Grunow 1
iyrcsigma ecuminatu r (Kutr.) Rabh. 1 1 1 1 1 ,|

Va,osi.a vadans C.A. AgErdh 1 1 1
Ual/,cula 2

Var4c{rra an etg:s Hust, 1 1 1

U avicula cafitata Ehrenberg 1 1 1 1 1 1
Vav,cuta capitata var' lunebatgqnsis (Grun.) Patrick 1 I 1 1 1 1

Vav/,c/'tla cincla (Ehr.) Kutring 1 1
Uey/,cula @hnii (Hilse.) Grunow 1 2 1 1 1 I 1
Uav'.1,cuta contenta Gtunoltr

Vav/cula crydo@phala Kvaing 4 1 1 ,| 1 1 1 1

Uaicula cry ptoc6,phara var. axirrs KuEing

Varrcura fn gers Hustedt 1
Nav'.lcula gastrum (Ehr.) Donkin 1 1 1 1 0
N aicula gracitis Ehrrnb€rg 1 1 1 1 1 1

N.uicula hungaice Gilnwt 3 1 1

Vav,cura racusfrs Grogory 1 1 1 1
N avicula menisculus Schumann I

I 2 2 3 3 2 1 1 1 1

Navicula minima Grunon 1 0 1 1 1 1 1
Navicule mutice Kuuing 0
Nevicuta nitrcil1ila B. Peterscn

Naicula pergtsitta Grunott

Naicula pseudo@nt aftil,i Patrick

Navicuta pupula K)Eing

Navicula p)pla wr. rrrrt la (icesske) Hustedt

Vavrcura Arso Clevc
lvavrcura rrdosa Kutzing 2 2
Nevicula ,E,diose va'. /F,notla (dcBreb €x KaE.) Grunof,l 1 1 1 1 1
Vavicurr sct massmannii Hustedt 1
uavicula seminulum G'UnorJ 3 1 1 1 1
Uavicule 1 3 1

veubura subfr?ssrma Cleve 1
Uavicula s@metica Patrick

Uaicula vadost zla Krasske 1 1 1 1 1 3
Ueidium dubium (Ehr.) Cleve 1 1

Vi'z'schia (longissima?) (deBreb.) Ralfs

Yiaschia aciculais W. Smith 1 3 4 2 1 1 1
Uiaschia amphiua Gqnon 1 1 1 1
Vrtssctrb angustat (W Smith) Grunw
Vrtsschia denu-cula Grunow

ViAsctia drss.ipata (Kuts.) Gruncnv 1 2 'l 1 I 1
Vrtssctria tbnfcora Grunw

Vifzschia frusfu ,urn G runon, 31 35 21 24 1 't 1 1

\ihschia GLRD 1
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Appendix B
Proposed Diffuser Site Phytoplankton Diatom Data

Oct-g6 Apr-97
Tara c3501s3500s3500s3500c350 c3501c3501s3500s3500s3s0(

UiE schia $acili s HanEsch.

ViEschia lineads W. Smith ? 1 1 I
I 1 2 1

Nitzschia paleacea Grunow 64 47 51 u 1 9 1 9 7 4 4 1',!
Vifrschia romana Grunow 33 6 21 42 9 ' t1 2 1 1 3
NiEschia sublinears Hustedt

U i E sch i a t he rm a li s Kub;ing

?hhosolenia aiensis H.L. Smith

?hoi@sphenia cuuala (Kuts.) Grunont 3 1 1 1 1 1 1
Seilophol/a baciilum (Ehr.) D. Mann 1 1 1 1
Slephanodscus ardnrrs Hust. 22 25 24 4',! 8 7 6 2 4 5
Sleptano€tscus tanfzschii Grun. in Cl6ve & Grunou, 76 37 48 50 44 35 29 12 21 26
Stephenodiscus hanhschii var lenuis (Hust.) Hakamson & Stoerm€r 55 24 29 38 23 14 9 6 8 1 2
,tephanodiscus niegrrae Ehrenberg 1 2 2 3
9taphanodiscus parvus Stoermer & Hakansson

Suirclla didyma Kuts:ing

Sudrella lineais W. Smith 2 3
Juirclle ovata Ku|d;ing

i'udrella ovata var dnnata W. Smith 1 2 6 1 1 I 1 1
Synedra ecus var. anguslissima Grunow 6 3 4 1 3 1 2 1 1 3
Synedn delicatissima W. Smith

Synedra narra MeBter

,ynedn pubheila Kuaing

Sy4',€'d/a ulna (Nitr.) Ehrenberg 1 1 1 1 1 1 1
'Wedra uha var. ctraseana Thomas

Synecln ulna var danica (Kutz.) Grunolv
Tebellada flocculosa (Roth) Kutzing

febeilaia quedriseptata lGudson 2 4 1 1 1 1 1

fotal Dlatom Donrity (collsrmL) 450 289 335 410 t8s 176 124 82 111 132
Rlchnerr '15 30 36 3E 52 53 49 55 53 il
Slmpronr Diverrlty 0.09 0.11 0.08 0.09 0.10 0.09 0.tr 0.10 0.10 0.09
thennon.W.lner Dlv.rrlty 2.E1 2.52 2.83 2.78 2.88 2.92 2.83 2.99 2.96 3.00

Amoco\Task 2\Toms.ils\diatoms\3/24l98 6 of6



Appendix C

Chemical Data



Appendix C
Lake Michigan Water Chemistry Data

Parameter Units Mav-95 Jun-96 Oct-96 Apr-97
c3501 53500 s3500 s3500 G3501 53500 G3501 53500

pH s.u. 7.0 6.9 8 .1 8.1 8.5 8.3
Total Suspended Solids (TSS) mg/L 2.O 3.0 0.9 0.9 2.5 2.O 0.9 0.9
Total Dissolved Solids ffDS) mg/L 188 198 194 188 148 140 160 't60

Alkalinity as CaCO3 mg/L 1 1 0 1 1 0
Chloride mg/L 14.0 14.0 12.7 13.2 12.5 14.0 17.4 17.O
fotal Organic Carbon (TOC)' mg/L 3.20 3.20 4.30 4.50 2.50 2.60 14.00 20.00
Hardness as CaCO3 mg/L 158 133 147 150 155 150 150 160
Iotal Kjeldahl Nitrogen (TKN) mg/L 1 . 1 1 .9 0.4 0.4 0.4 o.4
Nitrate/Nitrite ms/L 1.50 0.29 0.35 0.34 0.30 0.40 0.34 0.09
fotal Nitrogen mo/L 1.74 1.56
fotal Phosphorus mq/L 0.100 o.120 0.009 0.009 0.020 0.020 0.200 0.200
Crtho-Phosphorus mg/L 0.009 0.050 0.009 0.009 0.020 0.020 0.200 0.200
Silica mg/L 0.50 0.60 0.70 0.65 0.50 0.38 0.60 0.59
Sulfate mg/L 25 26
TotalCalcium mg/L 85 u
TotalMagnesium mg/L 12 12
TotalSodium mg/L 7.7 7.0
TotalPotassium ms/L 0.3 3.3 I

lMethod 9060 with extraction.
2Method 9060 total combustion.
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Appendix C
Lake Michigan Water Chemistry Sampling Schedule

Parameter r Units Method Dates Collected 1

pH s.u. 9040A Jun-96 Oct-96 Apr-97
Total Suspended Solids (TSS) mg/L EPA160.2 May-95 Jun-96 Oct-96 Apr-97
Total Dissolved Solids fiDS) mg/L EPA160.1 May-95 Jun-96 Oct-96 Apr-97
Alkalinig as CaCO3 mg/L EPA310.2 May-95
Chloride mg/L 2951 May-95 Jun-96 Oct-96 Apr-97
Total Organic Carbon (TOC) mg/L EPA415.1 May-95 Jun-96 Oct-96 Apr-97
Hardness as CaCO3 mg/L EPA130.2 May-95 Jun-96 Oct-96 Apr-97
fotal Kjeldahl Nitrogen (TKN) mg/L EPA351.1 May-95 Oct-96 Aor-97
Nitrate/Nitrite mg/L 9200 May-95 Jun-96 Oct-96 Apr-97
fotalNitrogen mg/L Calc. Jun-96
fotial Phosphorus mg/L 'EPA365.4 May-95 Jun-96 Oct-96 Aor-97
Ortho-Phosphorus mg/L EPA365.2 May-95 Jun-96 Oct-96 Apr-97
Silica mg/L 6010 May-95 Jun-96 Oct-96 Apr-97
Sulfate mg/L EPA375.4 May-95
TotalCalcium mg/L EP4215.1 May-95
btalMagnesium mq/L EPAa42jl May-95

TotalSodium mg/L EPPC73,1 May-95
TotalPotassium mg/L EPA258.1 May-95

lColfection dates were May 23-25,1995; June 5€, 1996; October 21-24,1g96; and April23-30, 1gg7.
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STORET SYSTEM RETRIEVAL FOR WHITING INTAKE
1993 - 1996

DATE TOT HARD
cAco3
MG/L

CHROMIUM
Gr, Tot
UG/L

CHROMIUM
Cr(Vl)Total

UG/L

CYANIDE
Total
MG/L

MANGANESE

UG/L

NIGKEL
NI,TOT
UG/L

1t12t93
2t23t93
3/1 6/93
5t11t93
8t2t93
9/8/93

10127t93
11t17t93

2t2t94
3t2t94

3115194
4t26t94
611194
811194

8t31t94
1013t94
1119t94
1t18t95
3t7t95

4t26t95
5/1 8/95
6/1 5/95
7t26t95

142
148
148
148
146
137
137
155
166
154
152
148
134
142
138
154
1 5 1
139
1 6 1
145
143
134
138
132
136
148
140
146
160
150
158
152
164
162
168
120
136
142
138
150

k
k
k
k
k
k
k
k
k

k
k

k
k

k
k

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
3

4.6
4.3

6
3

3
3

1 2
5.4

5
5

k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k

k
k
k
k
k

k
k
k
k
k

1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0

1 0
1 0
1 0
1 0
1 0

1 0
1 0
1 0
1 0
1 0

k
k
k
k
k
k
k
k

1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0

k 0.005
k 0.005
k 0.005
k 0.005
k 0.005

0.009
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005

0.006
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005
k 0.005

95
8

1 6
6
b

6
6
o

6
6
6
6
6
6
6
8

72
6
8
6
6
6
6
6
6
6

1 4
I

1 0
6.8
1 3
1 7

k
k
k
k
k
k
k
k
k
k
k
k

k

k
k
k
k
k
k

8

k
3.7

3
1 4

3.5
4.8
8.3

k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k

4
4
4
4
6
8
8
8
o
6
6
6
b

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
b

6
6
6
6

6
6
6
6
6
6

K

k
k
k
k
k

Count(93-96)
ND(93-96)
Average
Minimum
Maximum
Stand Dev
CV
Geomean (93-96)

40
0

146.55
't20

168
10.4
0.07

146.2

39
35

4.26
3

1 2
1 . 4

0.33
0.54

36
36
1 0
1 0
1 0

0.0
0
0

39
37

0.0051
0.005
0.009

0.00066
0.128

0.0003

39
20

11.31
3

95
17.5
1 .55
5.39

39
39

5.95
4
8

0.9
0. ' t4

0

ADVENT/98515/Att7 3t24t98



STORET SYSTEM RETRIEVAL FOR WHITING INTAKE
1993 - 1996

DATE SELENIUM
SE,TOT

UG/L

COPPER
CU,TOT

UG/L

SULFATE
s04-Tor

MG/L

ARSENIC
AS,TOT

UG/L

BARIUM
BA,TOT
UG/L

BERYLIUM
BE, TOT

UG/L

IRON
FE,TOT
UG/L

1112t9?
223t9?
3i16193
5111t93
8t2t93
9/8/93

10t27t93
11117t93

2t2t94
31?,94

3115t94
4t26t94
6t1t94
8t1t94

8t31t94
10t3t94
11t9t94
1118t95
3nt95

4t26t95
5118t95
6/15/95
7t26t95
8t29t95' gl26ts5

10124t95

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1 3
1 7
44
34
2 1
28
1 9
1 4
1 1
1 1
1 4
26
20
1 3
43
32
23
22
20
22
1 7
1 4

30
27
27
24
24
25
25
28
30
26
28
27
26

25
27

24
28
25
26

4
I

o

1
0.8
0.8
0.7
1 . 1

1
0.8
0.7
0.8
0.8
0.7
0.9

1
0.8

2
0.8
1 . 1

0.

I

k

k
k

k
k
k

2?
21
22
21
1 9
20
22
23
21
22
21
20
21
20
1 8
1 9
28
1 7
21
20
21
20
20
1 7
20
20
1 8
20

2

1 . 2

1 . 1500
320
480
51
25
20
33
70
27
89

100
co

210
85
20

200
1900
150
300
180
81
24
20,
20
il

240

3 1 0
51
77

130

k

k

k
k

Count(93-96)
ND(e3-e6)
Average
Minimum
Maximum
Stand Dev
CV
Geomean (93-96)

39
38

1.23
1
2

o.4
0.35

0.033

39
0

26.24
5

100
18.9
0.72
20.9

38
0

25.76
22
30
2.3

0.09
25.6646

39
o

1 . 1 5
1
2

0.50
0.44
1.03

39
0

20.82
1 7
28
2.1

0 .10
20.7

2
2

1 . 2
1 . 2
1 . 2

0
0
0

39
4

251
20.o

1,900
391

2
1 1 3

3t24t98ADVENT/98515/Att7



STORET SYSTEM RETRIEVAL FOR WHITING INTAKE
1993 - 1996

DATE IRON
FE,DISS

UG/L

LEAD
PB,TOT

UG/L

zlNc
ZN,TOT

UG/L

AMMONIA
NH3+NH4.

MG/L

CHLORIDE
CL,

MG/L

TDS

mg/L

PHOSPHORUS
P, Tot
mg/L

1t12t93
2t23t93
3/1 6/93
5111193
8t2t93
9/8/93

10t27t93
11t17t93

212194
3t2t94

3t15194
4t26t94
6t1t94
8t1194

8t31t94
10t3t94
11t9t94
1t18t95
3t7195

4t26t95
5/1 8/95
6t15t95
7t26t95
8129195
9t26t95

10t24t95
11114195
12t20t95
1t22t96
2t27t96
3t25196
4t23t96
5t21t96
6/1 8/96
7t16t96
8t20t96
9t17196

10t22t96
11t12t96
12t10t96

20

88

79
250
3 1 0
320
50

20
20

170
41

120
150

k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k

6
6
6
6
6
6
6
6
6
6
o
6
6
6
6
6
I

k
k
k
k
k
k
K

k
k
k
k
k
k

6
6
6
6
6
o
6
6
6
6
6
6
6

6.7
6.4

k

k
k
k
k
k

6

6
o
6
6
6

6.4

20
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
20
1 0
20
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0

6.5
6.8
9.2
7.6
1 3

k
k
k
k
k
k
k
k
k
k
k
k
k
k

k

k
k
k
k
k
k
k

k

k
k
k
k
k

5
4.5
4.5
4.5
4.5
4.5

k 0.1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0.1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1
0 .1

k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k
k

1 4
1 3
1 2
1 1
1 1
1 3
1 5
1 1
1 4
1 2
1 3
1 1
1 2
1 1
1 3
1 2
1 3
1 2
20
1 2
1 8
1 3
1 2
1 2
1 2
1 0
1 2
1 5
1 3
1 8

172
171
193
178
188
149
159
170
183
182
1 8 1
172
171
162
153
175
179
187
185
169
180
165
165
165
174
170
165
174
190
190
189

't74

167
175
168
't78

171
175
186

0.03
0.03
0.04
0.03
0.03
0.03
0.03
0.06
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

Count(93-96)
ND(e3-e6)
Average
Minimum
Maximum
Stand Dev
CV
Geomean (93-96)

1 3
3

126
20.0
320
108

0.86
78.0

39
35
6
6

I
0.49
0.08
0.79

39
28

9.76
4.5
20

3.67
0.38
3.81

40
37
0.1
0 .1

0 .1
0
0

0.0097

40
0

13.2
10.0

20.0
2

0 . 1 7
12.98

39
0

174.4
149.0

193.0
1 0

0.06
174.06

40
37

0.032
0.03

0.07
0.0079
0.247

0.0029

ADVENT/98515/Att7 3t24t98



STORET SYSTEM RETRIEVAL FOR WHITING INTAKE
1993 - 1996

DATE FLUORIDE
F, Total

mg/l

1112193
2t23193
3/1 6/93
5t11t93
812t93
9/8/93

10127t93
11t17t93

2t2t94
3t2t94

3t15t94
4t26t94
6t1t94
8t1t94

8t31t94
10t3t94
11t9t94
1/1 8/95
3t7t95

4t26t95
5/1 8/95
6/1 5/95
7t26t95
8t29t95
9126195

10t24t95
11114195
1?/2U95
1t22t96
2t27t96
3t25t96
4t23t96
5t21t96
6/1 8/96
7t16t96
8t20t96
9117196

10t22t96
11t12t96
12t10t96

0.2

k

0.2
0.2
0 .1
0 .1
0 .1

k

0.2
0.2
0 .1
0 .1
0.1
0.2
0.1
0.1
0.1
0.2
0.2
0 .1
0.2
0.'l
0 .1
0 .1
0 .1
0.2
0.2
o.2
0.2
0 .1
0.2
0 .1
0.2
0 .1
0 .1
0 .1
0 .1
0 .1
0.2
0.2
0.2
0.2

k

Count(93-96)
ND(93-e6)
Average
Minimum
Maximum
Stand Dev
CV
Geomean (93-96)

40
3

0.148
0 . 1 0

0.20
0.0506
0.343

0.1382

ADVENT/98515/Att7 3t24t98



STORET SYSTEM RETRIEVAL FOR WHITING INTAKE
1993 - 1996

NOTE:
1. In accordance with IDEM Office of Water Management 327 IAC 2-1,2-1.5, and 15 Regulations (February 13,

1997), Geomean calculations for parameters containing below detection level values used the
following formula:
(f imit of detection) x (1- # of nondetects/ total # of values).

2. Dala obtained from USGS/USEPA STORET database.
3. k = below methd detection level.

ADVENT/98515/Att7 3t24t98



STOREI  RETRIEVAL DATE 9L/06 /28 PGH: I  NVENT

THT./ I NTAKE./LAKE

PAR,AXETER HED I UH

PAGE:
1711 '10  Lx  u

l t  40  (5 .0  087 29  17 .0  Z
V H I I T N G  P U B L I C  U A T E R  I X T A K E  C R I B
18089 INDIANA LAKE
LAKE HTCHIGAII 034991
CALUHET.EURNS OITCH CO4PLEX
211]rD
OOOO TEET DEPTH

01010001004 0004.210 0 l l

NUHEER HEA}I VAR,IA}ICE SIA}I DEV I{AXIHUH HINIHUH BEG DATE END DATE

OOO1O UATER TEHP CENT I 'ATER
00076 TURB TRBTDHTR HACH TTU I.IATER
ooo95 cl lDucTv( AT 25C XlCROy,Ho UATER
OO3OO DO HG/T UATER
oo31o B@ 5 DAY xG/L UATER
00335 CO) LOUTEVEL HG,/L UATER
OO4OO PH SU UATER
OO4O3 PH LA8 SU UATER
OO11O T ALK CACO3 HG/L UATER
OO5OO RESTDUE TOTAL HG./L UATER'
OO53O RESTDUE TOT NFLT HG,/L UATER
00556 O!T.GRSE FR,EON.GR XC/L  UATER
00610 l tH3+NH4- l{  ToTAL HG/t UATER
00625 TOT KJEL It HG/L UATER'
00630 NOz&NO3 I| . IOTAL HG/L UATER
00665 PHOS.TOT HG/L P UATER
0 0 6 3 0 T o R G C  C  H G , / L  I I A T E R
OO72O CYANIDE CX.TOT HG./L UATER
oogoo ToT HARo cAcc3 HG/t IATER
oo91o cALCtuH cAco3 HG/L UATER
00916 CALCTIJH CA.TOT HG/t L'ATER
oo92o lrcHstux. cAc03 |1G/L UATER
00929 sootux l iA,TOT HG./L L'ATER
'- '937 

PTssluH K,loT HG/L UATER
;10 CHLORIDE TOTAL }IGIL 9ATER,

UU945 SULTATE SO4.TOT HG,/L UATER
00951 FLUORTDE F,ToTAL ltG/L VATER
00955 SIL ICA DISOLVED HG/L  UATER
oloo2 ARsEx lc  As , loT  uG, /L  HATER
olooz BARIUH 6A,T0r uG'/L vATER
O1O1Z BERYLIUX BE,TOT UG. /L  UATER
01027 CTOHIUX CO,loT uG/L UAT:R
01032 CHRo}4IUH HEX-VAL UG./L 9ATER
01034 cHRoqtux cR,ToT uc/t L'ATER
O1O1? COPPER CU,TOT UG./L UATER
olol5 lRol l  FE,IoT uG/L lrATEn
01046 t Ro)l FE, D I SS uG,/L UATER
01051 LEAD PB,ToT UC/ t  VATER
01055 I.{ANGNESE HX UG,/L VATER

98 '11.28100 52.51700 7-?16900 26-0 .0 82/01/26 91/01/16
85 11.18000 192.1800 13.87t00 68.0 .7 8?/01/26 90/111?7
95 265.9000 2709.100 5?.04900 400 116 82/01/26 90/06/a5
14 10.85900 2.109600 1.552300 13.3 8.6 U/05/15 90/06/05
81 | .O235OO .0098198 .0939140 1-7 1.0 82/01/26 93/08102

121 8.191900 9.8{5500 3.137800 20.0 1.0 82/01/25 93111/17
89 7.917800 .1007600 -3171300 8-50 6.10 82/01/26 90/05/05

125 7.864800 .0665010 .2578300 8.5 6.8 82/01/26 93/11/17
125 11t .2100 28.01600 5.293000 111 91 82/01/26 93/11/17
122 191.0300 1580.900 67.65200 863 17 8?/01/26 93111117
15 28.06700 2878.600 53.65300 219 1 82/01/25 92/05119
44 3.011100 2.083800 1.443600 6.70 1.00 82/01/?6 8911?/12

124 .1OO89OO .0002?76 .0150860 .2OO .010 82/01/?6 93/11/17
t24 .2837900 .0081529 .0902930 -7OO .100 82/01/26 93/11/17
124 .3711900 .13OO5OO .3605400 4.Oo .10 82/01/26 93t11117
124 .0513710 .0397290 .1993200 2.250 .030 8?t01126 93111117
38 3.165800 i .8O5OOC 1.313500 9.2 1.5 82/01/25 85/06/20

123 .0051959 .OOOO184 .0012950 .o5O .005 82/01/25 93111/17
125 113.8700 80.10500 8.950100 176 ',124 82/01/26 93111117
80 91.52500 50.2O7OO 7.085700 130.0 71.0 e5/ f /21 92/1?/1s
2 95.O0OOO 2.Oo0OOO 1.111200 95.0 91.0 93t0Et0293/11117

37 5'.t.05100 126.3900 11.21200 75.0 20.0 e5/11/?1 89/05/23
124 6.862200 1.696400 1.302500 14.00 1-80 8?/01/26 93/08/02
15 t .7o17oo .3533300 .5944100 5.00 ' t .20 82/01/26 e5/1?/ i9  ̂

125 11.65200 3.936400 1-984100 ZZ 5 A?/01/26 93/11/17 -
1ZZ ?t,.9510O 6.329000 2.515E00 3? 19 8Z/01/25 93/11/17 -'
125 .1360000 .0028063 .Or2g71o .40 .10 s?t01/26 93/11/17
112 1.111700 8.006800 2-827600 30.0 .l 82/06/i0 93/11/17
123 .9382100 .0310280 .1844700 Z .6 Z2/01/?6 93/08102
z 19.81800 2.808900 t.676000 Zt 10 86/05/22 93/08/OZ
13 t.876900 .0902570 .3001300 2.00 1.?0 89t031?8 93/0e/oz

125 ?.0o0ooo .ooooooo .ooooooo z ? 8?/01/25 93/08/02
123 1o.OOOO0 .ooo0ooo .oo0oo0o 10 10 82/01/26 93/11/17
124 10.85500 110.8400 10.52800 120 1 82/01/26 93/08/02
125 8.e32000 115.1200 10.71300 5E 1 S2/01/26 93/08/02
p2 zn.ozoo 9e996.00 311.&oO 1500 z0 8u01/26 93/08/02
51 15.88200 956.7100 30.93100 170 20 S6/05/22 92/03/25

125 8.221000 12.7LOOO 3.569300 11 6 82/0',1/?6 93/O8/A2
1 2!, _1.9:09909 25 6s o. oo 1 50: 1 9q1 _l!T. 0__6_. .0_ 82t 01 / 26 e3 / 08 / 0z



l S T O R E T  N E T R I E V A L  D A T E

o
. /} ITRTXI/ I  NTAKE/LAKE

9t /06/28

llED lul{
UG/T IJATER,
UG/L UATER
UG/U UATER
UG/L UATER
UG/L UATER
UG./L VATER
PC|L UATER
PClt YATER
PClt UATER
PC/t UATER
PC/L UATER,
PC/L UATER
PC|L T'A]ER
PC|L IJATER

,/1OOHL UATER
,/100H1 UATER

NO,/1OOML UATER
TOTUG,/T VATER

PGN= I NVENT PAGE:
t 7 1 1 1 0 L H U

1 t  10  15 .0  087  29  17 .0  2
UHTTING PUBLIC UATER INTAKE CRIB
18089 I I ID IAHA
I .AKE XICHIGA} I
CALUHET.BURNS DITCH
2 l l H D
OOOO TEET DEPTH

LAKE
084991

CO{PLEX
01040001001 0001.210 oH

' {AXIHUH HI} I IHUXPARAXETER
01059 THALLIUT{  TL,ToTAL
0 1 0 6 7  } I I C K E L  N I , T O T A L
0 1 0 7 7  s t L V E R  A G , I O T
0 1 0 9 2  Z I N C  Z l l , T o T
01097 A l rT l f {oNY sB, roT
01147 SELENIUI {  SE,TOT
01503 ALPHA DtSoLvEo
01501 ALP}IA-D ERROR
01505 ALPHA SUSP
01506 ALPHA-S ERROR
03503 BETA DISOLVED
03504 6ETA-D ERROR
03505 BETA SUSP
03506 8ETA.S ERROR
31501 TOT COLI  Hf ]HENDO
31616 FEC CoLI  | r tX- tCER
31548 E.Cot l  I ITEC' l , lF
3 2 1 0 1  D I C L B R I , | T

NUHBER HEA}I  VARIANCE STA}I  DEV
:3  18.76900 19.69300 1.137700

125 9.320000 221.5100 11.88400
T7 9.870100 .2161500 .1961300

125 13.50000 36.12900 6.010800
13 .6692300 .0056411 .0751080
75 .5225700 .0125830 .2063700
14 .6700000 2.663900 1.632200
14 1.116100 .5971700 .n29600
11 .&21100 .9097800 .9538300
14 . | .291300 .1281i00 .6513000
14 3.576100 7.398100 2.719900
'14 1.792100 .2870700 .5357900
14 2.328600 5.156000 2.335800
14 1.760000 .?565500 .5065000
14 21803.00 1113E'07 105920.0
70 78.97200 95885.00 311.2600
50  3 r5 .5000  4190300  2119 .000
9 1.000000 .0000000 .0000000

9 1.000000 .0000000 .0000000
9 1.000000 .0000000 .0000000
9 1.000000 .0000000 .0000000
9 1.000000 .0000000 .0000000
9 1.000000 .0000000 .0000000

123 5.105700 .1559600 .6752500
I  4.200000 .0000000 .0000000
9 1.500000 .0000000 .0000000
9 1.000000 .0000000 .000000c

10 1.900000 8.100000 2.846100
10 1.900000 E.100000 2.846100
10 1.900000 8.100000 2.846100
10 3.250000 5-625000 2.371700
10 3.250000 5.625000 2.371700
'10 1.150000 1-?25000 2.055500
10 .0200000 .0000000 .0000000
10 2.3500C0 7-225000 2.687900
10 2.350000 7.225000 2.687900
9 1.500000 .0000000 .0000000

10 2.800000 6.1000c0 2.529800
9 1.000000 .0000000 .0000000

BEG DATE EI'IO DATE
89103/28 93/o8t0?
82/01/26 93/08/02
86/05/?2 93/08/0?
82/01/26 93/O8|OZ
e9/03/28 93/08t02
86/05/22 93/08/02
8?/03/16 U/12/?1
8?t03/16 Ul1?/?1
82t03/15 Ul1?/21
82/03t16 U/12/21
8?/03/16 Ut12/21
8?/03t16 UI lZ/21
82/03/16 Ut1?/21
82/03/16 Ut12/21
8?/01/25 E6t02/20
82t01/26 88/03/30
88/01/28 93111/17
89/03128 92t11/17

2 0
100

1 0 . 0
30
. 7
1
6
1
3
3
9
3
7
3

650000
'1900

1 5000
1 . 0

1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 0

4 -20
1 . 5 0
1  .00

1  0 .000
1  0 .000
1  0 .000
1  0 .000
1  0 .000
1  0 .000

.020
1 0.  000
1 0.  000
4 . 5 0 0

I  0 .  000
1 . 0 0 0

1
1

8 . 0
1 0
. 5
. z

- . 7
.3

- . 3
. 3

.03
. 6
- 1
. 7
1 0
1 0
1 0

1 . 0

32102 CARSXTET IOTUG/L UA]ER
32103 I2DICIET TOTUG. /L  IJATER
32104 EROI'IOFR,X VHL.IJ"TR UG/t IJATER,
32105 CLDIERHT TOTUG, /L  UATER
32106 CHLRfORH TOTUG,/L UATER
32730 PHENOLS TOTAL UG/L UATER'
32732 PHEITOLS DtS UG,/L IATER
34010 TOLUENE TOT UG,/L UATER
34030 BENZEI'IE T0T UG,/L UATER
31200 ACENAP}iI  HYLENE TOTWG/L UATER
34205 ACEI{AP}iT HENE TOTVJG,/L UATER
34220 ANTHRACE }JE TOTTAJG,/L UATER
34230 SENZEFLU OR,ANT TO TAL UG,/L UATER.
31242 BENZO(K) FLUCRAIIT TOTUJG./L UATER
34247 EEXZO(A) PYRiNE TOTVJG,/L UATER
34259 DELTAEHC TOTUG/L IJATER
31273 BIS?CHLO ROETHYLE TOTIJJG,/L UATER
34278 EIS2CIILO ROETHOXY TOTIJIJG./L UATER
34283 EISzCXLO ROTSOPRO TOTUJG/L UATER
34292 l tEB Pl{Tx ToTAL UG/t UATER
34301 CHLOROBE ITZENE TOTgJG/L UATER

1.0 e9/03/28 92/11/17
1.0 89/03/28 92/11/17
r .o 89/03/28 92/11/17
1.0 E9/03/?8 92/11/17
't.o e9/03/28 92111/17

5 8?/01/25 93111/17
4.20 89/03/28 9?/01/21
1.50 89/03/28 92t11/17
1.00 89/03/28 9?/11t17

1.000 89/03/28 9?/11/17
1.000 89/03/28 92/11/17
'1.000 89t03/28 92/11/17
2.500 89/03t28 92/11/17
2.500 89/03/28 92/11/i7
3.500 89t03/28 92/11/17

.020 89t03/28 92/11/17
r.500 89t03/28 92/11t17
1.500 89/03/28 92/11t17
(.500 89/03/28 92/01t21
2.000 89/03/28 92/11/17
1.000 89/03/?! .92/11/17



l S T O R E T  R E T R I E V A L  O A l E  9 4 / 0 6 / 2 8

,/N T R, TXT./ I N TAXE,/ LAKE

PARAHETER
31320 CHRYSE}IE TOTUJG,/L
31336 DIETHYLP HT}iALATE ToTV!,G,/L
3131I DII{E]HYL PHTHALAT TOTHJG/L
31316 l2DIPHEN YLHYDRAZ TOTRJG,/L
31376 FLUORANT HE}iE TOTVJG,/L
31381 FLUCRENE TOTUJG,/L
31386 HEXACHLO ROCYCLOP ]OTL,IJG./L
31396 HEXACHLO ROETIiANE IOTYJG,/L
34403 INDENo(1 23CD)PYR TOTUTJG,/L
31408 TSPHRONE TOTUG,/L
31423 }IETHYLEX ECHLORID TOTWG,/L
31428 NtTROSoo IPRoPYLA TOT}JL,G,/L
31417 }IITROBEII ZENE TOTIA'G,/L
34461 PHENANTH RENE TOTVJG,/L

'34469 PYREHE TOTWG/L
31475 TETRACI,IL OROETHYL TOTUJG,/L
31488 TRt CHLOR OFLUORO{ TOTUrrG,/L
31496 l lDICHLO ROETHANE TOTIJIJG,/L
31501 ' l  lD I CHLO RoETHYLE TOTIJIJG,/L
31505 111TRICH LOROETI iA  TOTVJG. /L
31511 l1zTRtCH LoRo:THA TOT!JL ,G, /L
31516 11221 ETR ACHLoRoE ToTur,JG,/L
34521. BENZO(G}t I)PERYLE TOTUJG./L
]1525 BENZO(A) ANTHRACE TOTU.'G,/L
i1535 12D t CHLo ROBEriZEll  TOTR G,/L
31541 l2DICHLO ROPROPA}I TOTIJJG/L
34546 l2DtCHtO RCETHENE TOTI'JG,/L
3155I 121TR,I C}t LOROEENZ TOTI.RJG,/L
31556 DIBENZ(A X)ANTHM TOTWG,/L
31556 l3DlCHL0 Ro3ExZEN TOTV\,G,/L
31571 l4DtCHLO RotsExZElt ToTWG,/L
31581 2CHLORON APHTHALE TOTY\'G,/L
31586 2CHLOROP HENoL loTltJG,/L
31591 2NITROPH ENOL TOTVJG,/L
31596 DINOCTPH IOTUG,/L
3450I 24DtCHLO ROPHEHOL TOTIA'G,/L

31606 z lDIHETH YLPHENOL
346. I  1  24DI I I tTR OTOLUENE
34616 2 lDINITR OPHENOL

PGH= I NVEl,lT

RHK

1 7 1 1 1 0  L H  u
11 10 / .5 .0 0s7 29 17.0 2
U H I T I N G  P U E L I C  I J A T E R  I N T A K E  C R I B
18089  I uD IA l iA  LAKE
LAKE H IC I { IGAH 08 / . 991
CALUHET.6URNS D ITCH COI "P IEX
2 1 t x 0
OOOO IEET DE?TH

PAGE:

01 01 000 1 001 0001 . 210 0l l

I{ED I UI{
UATER
VATER
UATER,
IJATER
I.'ATER
VATER
UATER,
UATER
UATER
IJATER,
UATER
UATER
IJAT ER
IJATER
UATER,
UATE R
UATER
VATER
UATER
L'AT ER
IATER,
VATER
UATER
UATER
LTTER
I.IATER
VATER
UATER
VATER
VATER
UATER
I.'ATE R
UATER
UAT=R
UATER
I.'ATER

I{UXBER HEAII
10  1 . ' 150000
10 1.900000
10 1.900000
10 2.800000
10  1 .900000
10 1.900000
10 1.600000
10 1.600000
10  1 .150000
10 1.900000
9 6.000000

10 6.100000
10 3.250000
9 1.000000

10 ,l.900000

9 1.000000
9 1.000000
9 1.000000
9 1.000000
9 1.000000
9 1.000000
9 . l .000000

10  1 .150000
r0 3.700000
10  1 .900000
9 1.000000
9 1.000000

10 2.800000
10  1 .150000
10 2.800000
to 1.900000
10 ' l .900000
10 4.120000
10 1.900000
r0 16.75000
10 5.320000

VAR IANCE
1.2?5000
L t 00000
8.  1 00000
6.100000
8.  1 00000
E .100000
3 .600000
3.500000
1 . 225 000
8.  1 00000
9. 000000
I .600000
5.625000
.0000000
8.100000
.0c00000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
1.225000
1 .900000
8.  1 00000
.0000000
.0c00000
6.100000
I . 225 000
6.100000
E. ' l  00000
8.  1 00000
3 .841100
8.  1 00000
1 035 . 000
2 .701 1 00

STAN OEV
2 .055500
2.8461 00
2.  8451 00
2 .529800
? .8461  00
2 .8451  00
1 .897100
1.e97100
2 .055500
2 .846 r00
3 .000000
1 -261900
?.371700
.0000000
2.815100
.0000000
.0000000
.0000000
.0000000
.00c0000
.0000000
.0000000
2 .055500
2.213600
2. 846 1 00
.0000000
.0000000
2 .5298C0
2 .055500
2.529800
? .846100
2.8461 00
1 .950500
2 .8451  00
32.17200
1 .61110C

HAX I HUI{
1  0 .  000
1  0 .  000
1  0 .  000
1 0.  000
ln nnn
1  0 .000
1 0.  000
1 0.  000
1  0 .000
1 0.  000
1 1 . 0 0 0
1  0 .000
1  0 .000
1  .000

10 .000
1 . 0 0 c
1  .000
1 .000
1  .000
1 . 0 0 0
1  .000
I  . 0c0

1 0 . 0 0 0
1 0.  000
1 0.  000
1 .000
1  .000

I  0.  000
1 0.000
1  0 .000
1 0-  000
1  0 .000
1 0.  0c0
1  0 .000
98.000
1  0 .  000

Ht l l tHUx
3 .500
1 .000
1  .000
2 .  000
1  .000
1  .000
1 . 0 0 0
4 . 0 0 0
3 .500
1  .000
5 . 0 0 0
5 .000
2 . 5 0 0
1 . 0 0 0
t  . 000
I  .000
1 . 0 0 0
|  . 000
1  ,000
|  .000
I  .000
1 .000
3  .500
3 .000
'l .000
1 .000
1  .000
2 .000
3 .500
2.  000
.l .000
1 .000
3 .800
1 .000
1  -500
4 .800

BEG DATE
e9/03/28
89/03/28
89/03/28
89/03/28
89/03/28
89/03t2E
89/03t28
e9/03/28
89/03/28
89/03/?8
89/03/28
89/03/28
89/03/?8
89/03/28
89/03/28
89/03/28
e9/03/28
89/03/?8
89/03t28
89/03/28
89/03/28
89t03/28
89/03/28
89/03/28
8e/03/28
89/03/28
89/A3/28
e9/03/28
89/03/28
89/03/28
e9/03/28
89/03/28
89/03/28
89/03/28
89/03/28
e9/03/28

END DATE
9? /11 /17
92/11t17
92 /11 /17
9? /11 /17
9? /11  I  17
92/11 t17
92/11/17
92/11/17
92 /  11  t17
92/11/17
9? /  11  I  17
9? l  11  /  17
92/  11 /  17
92/01/21
92 /11  /17
92/11 /17
92 /  11  /  17
92/11/17
92 /  11  t i 7
92/11/17
9?/  11 /17
92/11/17

iliitii)
92/11 /17
92/11 /17
92/11 /17
9 2 / 1 1  / 1 7
92/11 /17
92/11 /17
9 2 / 1 1  / 1 7
9 2 /  1 1  /  1 7
92/11 /17
9 ? / 1 1  / 1 7

TOTWG,/L UATER
IOTVJG/L UATER
TOTIA'G/L UATER

1 0
1 0
1 0

5 . 3 2 0 0 0 0  2 . 7 0 1 1 0 0  1 . u . t t 0 0  1 0 . 0 0 0
2 . 8 0 0 0 0 0  6 . 1 0 0 0 0 0  2 . 5 2 9 8 0 0  1 0 . 0 0 0
3.910000 51 .75600 7 .399700 25 .000

1.800 89 /03 /28  92 /11 /17
2.000 e9 /03 /28  92 /11 /17
r .600 e9 /03 /28  9? /11 /17



I S r O R E T  R E r R t E v ^ L  0 A 1 E  9 1 / 0 6 / ? 8

/NT RTHT,/  I  I i  TAKE,/LAKE

PARAHETER

39330 ALDRTX
39337 ALPHAEHC
39338 6ETA EHC

PGX= I NVEHT PAGE:
1 7 1 1 1 0  L H  e

1 1  1 0  1 5 . 0  0 8 7  2 9  1 7 . 0  z
V H I T I N G  P U E L I C  I J A T E R  I I i I A X E  C R I B
18089  IND IANA
I.AKE I ' i ICHIGAN

LAKE
081 99 1

CALUXET.EUR' iS  DI  TCH COHPLEX
2 1 I N O
OOO(,  fEET DEPTH

01040001001 0001.210 o l t

4750I VEATHER SA'{PLING CO9E IJATER
70300 RESTDUE DtSS-180 C HG, /L  IATER

_j100 xsRclJRY HG, TOTAL UG,/L HATER

}IUH6ER XEAII VARIANCE STAII DEV XAXIHUX
10  6 .580000  1 .111000  1 .?01700  10 .000'10 2.800000 6.100000 2.529800 10.000
10 2.800000 6.400000 2.529800 10.000
10 2.350000 7.225000 2.687900 10.000
10 7.360000 38.1 '1600 6.198100 25.000
10  1 .900000  8 .100000  2 .846100  10 .000
9 1.000000 .0000000 .0000000 1.000
9 1.000000 .0000000 .0000000 1.000
|  1.000000 1 .000

10 2.620000 6.721000 2.595100 10.000
10  23 .18000  1150 .300  38 .08300  110 .000
t0 f.370000 .9023300 .9199100 4.000
9 1.000000 .0000000 .0000000 1.000

10 .0200000 .0000000 .0000000 .020
10 .0100000 .0000000 .0000000 .010
10 .0300000 .0000000 .0000000 .030
10 .0100000 .0000000 .0000000 .010
10 .5000000 .0c00000 .0000000 .500
10 .0500000 .0000000 .0000000 .050
10 .0500000 .0000000 .0000000 .050
10 .1000000 .000c000 .0000000 .100
10 .0500000 .0000000 .0000000 .050
10 .0100000 .0c00000 .0000000 .010
10 .0800000 .0000000 .0000000 .080
10 2.000000 .00000c0 .0000000 2,000
10 .0200000 .0000000 .0000000 .020
10 .0?00000 .0000000 .0000000 .020
10 .2000000 .0000000 .0000000 .?00
10 .5000000 .0300000 .0000000 .500
10 .5000000 .0c00000 .0000000 .500
10 .5000000 .0000000 .0000000 .500
10 .5000000 .0000000 .0000000 .500
10 .8000000 .0656570 .25e2000 1,000
10 .8000000 .0656570 .2582000 1.000
10 7.180000 39.20100 6.261300 25.000'10 3.700000 1.900000 2.?13600 10.00
61 29512.00 36083*05 18995.00 81834
79 171.7900 1076.600 32.81100 130

125 .1200000 .0390320 .1975700 2.3

HED I UH R,HK HIN IHUH
6 .200
2 .000
2 .000
1  .500
5 .100
1 .000
1 .000
1 .000
t .000
I  .800
1 .500
|  .000
I  .000
.020
.01  0
.030
. 0 1 0
.500
.050
.050
.  100
,050
.040
.080

2.000
.020
.020
.200
.500
.500
.500
.500
.500
.500

5.?00
3 .00

10014
EZ
. 1

BEG DATE END DATE
e9/03/28 92/11/17
E9/03t?8 92111/17
e9/03/28 92/11/17
89/03128 92/11t17
89/03/?8 92/1',t/17
89/03/28 92/11t17
89/03/28 9?/11/17
89/03/28 92t11/17
89/03/28 89t03/28
89/03/28 92/11/17
89/03/ZE 92t11/17
89/03/28 92/11/17
89/03/28 92/11/17
89/03/28 92/11/17
89/03/28 9?/11/17
89/03/28 92/11/17
89/03/28 92t11/17
89/03/28 92/11/17
e9/03/28 9?/11/17
89/03/28 92/11/17
89/03/28 92/11/17
89/03/28 92/11/17
89/03/28 92/11/17
E9/03/28 92/11/17
89/03/28 92/11/1.
891O3/28 92/11/17
89/03/28 92/11/17
89/03/28 92/11/17
89/03/28 92/11/17
89/03/?8 92/11/17
e9/o3/?8 92/11/17
89/03/28 92/11/17
89/03/28 92/11/17
e9/a3/28 92/11/17
e9/03/2E 92/11/17
89/03/?8 92/11/17
86/05/22 92/07/27
85/12t19 93/11/17
EZ/01/?6 93/08/02

3462I 246TR,ICH LOROPHE}I TOTIJIJG./L VATER
31526 26DINITR OTOLUENE TOTVJG,/L UATER
31636 l6ROI{OPH EXYLPHEX TOITI.JG,/L IIATER
34611 4CHLORO? HENYLPHE TOTUJG,/L UATER
34546 4XITROPH ENOL TOTU.JG,/L UATER
34696 NAPTHALE NE T OTV!'GIL UATER
34699 T1,3-DCP TOT UAT UG./L UATER
31704 C1,3-DCP TOI UAT UG/L UATER
31705 CI ,3 .DCP DISS UAT UG/L  UATER
39032 PCP TOT UG,/L I'ATER
39100 E2ETHHXL PHTHALAT TOT UG./L L'AIER
39110 DN8 PI{TH TOTAL UG/L UATER
39180 TRICHLOR ETHYLEXE 7OT UG,/L UATER

39340 GAXITAEHC LTNDAHE TOT.UG/L UATER
39350 CHLRDA}IE 1ECHSHET TOT UG,/L UATER
39360 DDD UIiL SHPL UG/L UATER
39365 DDE UHL SHPL UG./L u^TER
39370 DDT UHL SHPL UG,/L UATER
39380 DtELDRi l { IOTUG,/L UATEE
3938E ENDOSULH HHL SHPL UGIL UATER

TOT UG./L I.IATER
TOTUG,/L UATER
TOTUG,/L UATER
TOTUG,/L IJATER

39480 XTHXYCLR UHL SHPL UG,/L UATER

ti:iiii:r
39420 HPCHLREP

TOT UG,/L UATER,
TOTUG/L UATER
TOTUG,/L UATER

TOTUG,/T UATER
TOTUG/L IJATER
]OTUG,/L IJATER
TOTUG,/L UATER,
IOTUG,/L 9ATER
TO'UG,/L VATER

TOT UG,/L UATER,
rOT UG,/L UATER

39488 PCB-1221
39192 PcB-1232
39196 PCB-1212
39500 PcB-1248
39504 Pc8-1254
39508 PcB-1260
39700 Hc8
39702 HEXCLED



lsToREr nerntevrt  6Ne gt/ootza

/} tTRTHT./ I  NTAKE/LAKE

7 t o t 1

pot= I I IVENT PAGE:
1 7 1 1 1 0  L X  u

1 1  1 0  1 5 . 0  0 E 7  2 9  1 7 . 0  Z
VHtTtNG PUELIC UATER I } ITAKE CRIB
180E9 INDIAXA LAKE
LAKE r{t CHI GAtl 084991
CALUHET-8URNS DI TCH CO{PLEX
2 1 1 u 0
OOO() TEET DEPTH

01010001004 0001.210 0 l l

PARAfiETER HEDIUI'I
UOF SAHPLE UPDATED UATER

}IUHBER HEAN VARIANCE
88 902100.0  51898*05

STA}I DEV XAXIHUH
22780.00  910518

I.I IXIHUH EEG DATE END DATE
861001 85/08/22 93/11/17

R,HK

zo89 ANIINE ToTAL UG/L UAIER
2117 BNZYLATC TOTAL UG./L UATER
z2(7 EEXZOI CA TOTAL UG/L IIATER
77416 2I.INAPTHA TOIAL UG/L UATER'
27571 CAREAZOL TOTAL UG./L UATER
N687 215ICLPH TOTAL UG/L UATER
78113 ETH EEIiZ Vfi  UIR UG/L UATER
78300 3-NITRO ANtL IXE TOT UG/L  UATER
81302 DTBEXZO FUR,AN TOT UG,/L UATER
81551 XYLENE IOT UG/L UATER
81552 ACETO}IE TOT UG./L UATER
81595 XIH ETH TETONE TOT UG,/L gATEN'

81596 XTHISOSU KETo|IE T0T UG,/L yATER

81648 PCB 1016 11212 ToT uG./L UATER
81549 PC8-1262 TOT UG/L UATER,
8265 ENDOSLTX .SO4 TOT REC UG,/T UATER
82624 E}IDOSLFN EETA IOT REC UG/L UAIER
e5810 l?ltcLR ETHL TRtl EFF UG/t UATER

r0 2.350000 7.225000 2.687900
10 3.250000 5.625000 2.371700
10 2.530000 6.889000 2.621700
10 1.900000 E.100000 2.845100
10 1.900000 8.100000 2.845100
10 1.840000 50.17600 7.083500
9 2.000000 .0000000 .0000000

10 { .750000 50.62500 7.115100
10 1.900000 8.100000 2-846100
9 9.000000 .0000000 .0000000
9 20.00000 .0000000 .0000000
9 8.122200 13.80500 6.618500
9 3.000000 .0000000 .0000000

10 .5000000 .0000000 .0000000
8 .7500000 .0711290 .2672600

10 .1/.00000 .0060001 .0771600
10 .0800000 .0006666 .0258200
I  1.000000

1.500 89/03/28 9?/11/17
2.500 89t03128 92/11117
1.700 89/03/28 92111117
l.ooo 89/03/?8 92/11t17
1.000 89t03/28 92/11t17
2.600 89/03t28 92t11t't7
2.00 89/031?8 92/11117

2.500 89/03t28 92/11/17
r.ooo 89/03t28 92/11/17
9.000 89/03/28 92/11/17

20.ooo e9/03/28 92t11/17
6.000 89/03/28 92/11/17
3.000 89t03/28 9U11/17

.500 89/03/28 9U111tz^

.5OO 89/03128 92/11/-
.05 es/03/28 92/11t1-
.05 89/03/28 92/',11117

1.ooo e9/03/28 89103/28

1  0 .000
1 0.000
1  0 .000
1  0 .000
1  0 .000
25 .000

2 .00
25 .000
1  0 .000
9.000

20,000
26.000
3 .000

.500
t  .000

. 2

. l
|  .000



l s roRET nETRtEVAL OAIE 91/06 /28

I  TOTAL STATIONS PROCESSEO

STA EEG STA EltO # oF OBS # oF SAflPLE =0

<1975
1975
1976
19n
1978
1979
1 980
'1981
1 9 8 2 1 0 1 2 7 1 2
1 9 8 3 0 0 1 0 7 1 1
1 s u 0 0 5 0 1 1 4
1 9 8 5 0 0 1 1 3 1 2
1 9 8 5 0 0 1 7 1 1 2
1 9 8 7 0 0 1 5 2 1 1
1 9 8 8 0 0 5 1 1 1 3
1 9 8 9 0 0 8 5 8 1 2
1 9 9 0 0 0 7 0 8 1 1
1 9 9 1 0 0 5 9 9 1 1
1 9 9 2 0 0 5 0 0 1 0
1 9 9 3 o l 1 2 2 7
1 9 9 1 0 0 0 0

T o r A 1 1 1 6 0 0 2 1 3 5

STA END.PERIO OF RECO IN YRS

PGH: I HVEIiT
GROSS

PAGE:

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

< .5  <3
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

>=J
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
I



; toRET RETRtEvAL 0ATE 9 l /06 /28

I  IO1AL STATIONS PROCESSED

PGX= I  HVENT
GROSS

PARA}lETER
OOOlO 9ATER TEHP
00076 TURS TREtDHTR,
00095 oTDUCTVY AT 25C
00300 D0
00310 Bm 5  oAY
00335 cm LoULEVEL
00100 PH
OO4O5 PH LAB
00410 T ALK CACO3
OO5OO RESIDUE TOTAL

}tED I UH
CENT IJATER

HACN FTU VAIER
HI CR,CT{HO VATER

}IG./L VAIER
HG/L UATER,
HG,/L UATER

SU UATER
SU UATER

XG/L UATER
HC/T UATER

HUHEER HEAN VARTAXCE STAH DEV HAXIHUH
98 11.28400 52.51700 7.216900 26.0
e5  11 .18000  192 .1800  13 .87100  88 .0
96 265.9000 2709.100 52.01900 100
14  10 .85900  2 .109600  1 .552300  13 .3
81 1.023500 .0088198 .0939'110 1 . 7

124 E.191900 9.815500 3.137800 20.0
t9 7.917800 .1007600 .3171300 8.50

125 7.854800 .0565010 .2578800 8.5
1?5  113 .2100  28 .01600  5 .293000  111
122 191.0300 15e0.900 57.68200 863

Hl I ' l lHUH
. 0
. 7

1 1 6
8 . 5
1 . 0
4 . 0

6 . 1 0
6 - 8

fq

1 7

6EG DATE END DATE
8?/01/25 91/01t16
82/01t?5 90/11/27
82101/26 90/06/05
u/05/15 90/06/05
82/01/26 93/08/02
82/01/26 93/11/17
82/01/?5 90/06/05
8?/01/25 93/11/',t7
82/01/25 93/11t17
8?/01/?6 93/11t17

OO53O RESTDUE TOT NFLT
00556 OtL .GRSE FREOH-GR
00610 [H3+HH4-  X ToTAL
00625 ToT rJEL l l
00630 l lo28No3 X-ToTAL
00665 PHoS-r0T
0 0 6 8 0 T o R G C  c
OOTZO CYANIDE C}I.TOT
'c900 ToT I{ARD CACO3

r910 CALCIUI' t  CAC03
u09 '16  cALCtUH CA'T0T
0c920 l tcxslux cAc03
00929 sogIUt{ NA,TOT
00937 PTSSIUX ( ,Tor
00940 cHtoRtDE roTAL
00945 SULFATE SO1'TOT
00951 FLUORIDE F,TOTAL
00955 s lL tcA D lsoLvED
01002 ARSEXlc  As ,10T
01007 BARIUT{  BA,TOT
01012 BERYLIUX EE,TOT
01027 cloHlUH CD,TOT
01032 cHRolluH l{EX-vAL
01034 cHRO{tUr{ CR,T0T
01042 coPPER Cu,T0T
0 1 0 4 5  l R o H  f E , l o T
0 1 0 4 6  l R o x  F E , D I S S
01051 LEAD P8, loT
01055 I{A}|GNESE ttN
01059 THALLtUT{  TL,ToTAL
01067 l l tCKEL XI ,ToTAL
01077 StLVER AG,TOT

15 28.06700 ?878.600 53.65300
14 3.011100 2.083800 1.113600

121 .1008900 .0002?76 .0150860
121 .2Se7900 .0081529 .0902930
124 .3711900 .1300500 .3605400
124 .05137i0 .0397290 .1993200
38 3.165E00 1.805000 1.313500

123 .005{959 .0000164 .0042950
125 113.8700 80.10500 E.950i00
80 96.52500 50.20700 7.0t5700
2 95.00000 2-000000 1.114200

37 51.05400 126.39C0 11.21200
121 6.882200 .|.695400 1.302500
13 1.701700 .3533300 .5911100

125 11.65200 3.935400 1.984100
122 21.95100 6.329000 2.515800
125 .1360000 .0028063 .0529710
112 1. l t1700 8.005800 2.829600
123 .9382100 .0340280 .1841700
77 19.81800 2-8C8900 1.576000
13 1.E76900 .0902570 .3001300

125 2.000000 .0000000 .0000000
123 10.00000 .000c000 .0000000
126 10.85500 110.8400 10.52800
125  8 .832000 '115 .1200  10 .71300
pz ?n.0200 98996.00 311.6400
51  15 .88200  955 .7100  30 .93100

125 E.Z?1000 12.71000 3.569300
125 10.00800 25650.00 160.1600
13 18.76900 19.69300 1.137700

125 9.320000 z?1.5100 11.88400
77 9.870100 .2161500 .1951300

1 82/01/?6 92/05119
1.00 8?/01/?6 e9112/12
.010 e2/01/25 931',t1117
.100 8?/01/26 93111/17
.10 82/01/26 93/11/17

.030 82/01126 93/11/17
1.5 E?/01/26 A5/06/20

.oo5 82/01/26 93/11/17
1?4 82/01/26 93111117

ll'l\iliiiii'ziliiliO
4.80 82/01/26 93/08/02
i .Z0 BZ/01t?6 sr t l? /1g

5 82t01126 93111117
19 82/01/26 93/11/17

.10 82/01t25 93/11117
.1 82t06/10 93/11117
.6 82/01126 93/08/02
1o aqo\lzz 93/08/OZ

1.20 89/03/28 93/08/02
z 8?/o1126 93108/oZ

10 82/01/26 93/11/17
1 82t01/?6 93/08/0?
1 82/01/26 93/o8lOZ

20 82/01/26 93IoA/02
20 86/05/22 92/03/?5
6 82/01/25 93/0a/oz

6.0 82/01/26 93/0g/oz
4 89103/28 93108/02
1 82/01/26 93/oA/02

8.0 86/05/ZZ 93/08/OZ

NG/L UATER
I{G./L UATER
HG/L UATER
XG./L L'ATER
HG./L UATER

HG/L P I.IATER
I{G/L SATER,
HG|L UATER
XG./L IATER
I,GIL UATER
HG/L UATER
}tGlL I'.IATER,
}IG,/L UAIER
AG/L YATER
XG/L UATER,
HG./L UAIER
AG/L UATER
XGIL UATER,
UG,/L UATER
UG/L UATER
UG/L UA1ER
UG./L 9ATER,
UG/L UATER
UG,/L UAIER,
UG/L UATER
UG/L UA1ER
UG./L UATER
UG/L UATEN,
UG./L UATER
UG./L UATER
UG,/L UATER
UG,/L UATER

a t t

6 .70
.200
.700
1  .00

2.?50
9 . 2

.050
175

1 3 0 . 0
95.  0
76.0

1 1 . 0 0
5 . 0 0

22
32

.40
3 0 . 0

z
?3

2 . 0 0
z

1 0
1 2 0

R N

1500
170
4 1

1 800. 0
20

100
1 0 . 0



1 STORET

0

v

REIRI  EVAL D^18 9L  /06 /28

I  IOIAL STATIONS PROCESSEO

PGr{= I NVEHT
GROS S

PAGE:

PARAHEIER HEDIUH
01092 Z INC Z | , IoT  UG, /L  VATER
01097 AXTIHONY S8,T0T UG, /L  UATER
01117 SELEI i lUH SE,T0T UG. /L  UATER
01503 ALPHA DTSOLVED PC|L  UATER
01504 ALPHA-D ERROR PC|L UATER,
01505 ALPIiA susP Pclt UATER
01505 ALPHA-s  ERRoR Pc l t  UATER
03503 6ETA D I SOLVED PC/L UATER
03504 8ETA.O ERROR PC|L UATER
03505 sElA susP Pc/t UATEn
03506 EETA-S ERROR PC/L UATER,
31501 TOT COLI XfIHENDO ,/IOOHL VATER
31616 FEC Cou | rFH-FCER /100H1 UATER
31648 E.COLt  HTEC- I {F  XO/1OOHL UATER

RI{K I IUHBER XEAX VARIANCE STA}I  DEV HAX]HUH

125  13 .60000  36 .12900  5 .0 i0800
13 .6692300 .0056111 .0751080

8EG DATE END DATE
82/01/25 93t08/0?
89t03t28 93/08/02
E5/05/22 93/08/02
82/03/16 U/12/21
8?/03/16 Ut12/21
82/03/16 U/12/21
82t03/16 U/1?/21
82/03t16 U/12/21
82/03/16 Ut12/21
8?/03/16 U/12/21
8Z/03t15 U/12/21
82/01/26 86/02/20
82/01/26 88,/03/30
88/01/28 93t11/17
89/o3t28 9?/11/17
89/03/28 92/11t17
89/03/28 92/11t17
89tO3/28 92/11/17
89/03t?8 9?/11/17
89/03/28 92/11/17
82/01/26 93/1',\/17
89/03/28 92/01/21
89/03/28 9?/11t17
89/03128 92/11/17
89/03/?8 9?/11/17
89/03/28 9?/11117
89t03/28 92/11t17
89/03/28 92/11/17
E9/03/28 92/11/'

e9/03/?8 92/11117
89t03/?8 92t11/17
89/03/28 9?/11t17
89103/?8 9?/',11/17
89/03/?8 9?/O1/21
89/03/28 9?/11/17
89/03/28 92/11t17
e9t03/28 92/11/17
89/03/28 92t11/17
89t03/?8 92/11117
89/03/28 92/11/17
89/03/28 92/11/17
89/03/28 92t11/17

HI }I I HUH
1 0
. 5
. z

- . 7
. 5

- . 3
. 3

.05
. 8
- 1
. 7
1 0
1 0
1 0

1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
t . 0

5
1 . 2 0
1 . 5 0
1  .00

1 .000
1 .000
1 .000
2 .5  00
2.5 00

32104 SRO{OFRH VHL-IITR, UG./L UATER

30
. 7

75 .5226700 .0425850 .2063700 1
11 .6700000 2.663900 1.632200 6
11 1.116400 .5971700 .7729600 1
' t4  .6121100 .9097E00 .9538300 3
t1  1 .291300  .1281100  .6513000  3
113.574/00 7.396100 2.719900 9
11 1.792100 .2870700 .5357900 3
14 2.328500 5.155000 2.335800 7
14 1.760000 .2565500 .5065000 3
14 21803.00 1143E+07 106920.0 650000
70 78.97200 95885.00 311.2600 1900
50 316.6000 4190300 2119.000 15000
9 1.000000 .0000000 .0000000 1.0
9 1.000000 .0000000 .0000000 l -0
9 1.000000 .0000000 .0000000 1.0
9 1.000000 .0000000 .0000000 1.0

3 2 1 0 I  D I C L E R H T
32102 CARENIET
3 2 1 0 3  l 2 D t c r E T

32105 CLDIERHT
32105 CHLRToRH
32BO PHENOLS IOTAL
32732 PHExoLS
34010 TOLUENE
34030 EENZEI|E

TOTUG/L UATER
TOTUG./L UATER
TOTUG./L UATER

TOTUG,/L UATER,
IOTUG./L UATER
UG/L gATER,

DIS UG/T UATER
TOT UG/[ UATER
IOT UG./L VATER

}L230 BENZSFLU OR,ANT TO TAL UG./L I'ATER
-12 EENZO(T) f  LUORANT TOTIAJG./L VATER

v

31200 ACENAPHT HYLE'IE TOTWG./L IJATER
31205 ACEIiAPHT }IEXE TOTYIJG/L UATER
34220 ANTIiRACE NE TOTU\rG./[ UATER

31217 6ENZO(A) PYRENE ToTV.JG,/L UATER
34259 DEITABHC TOTUG,/L UATER
34275 BISzCHLO ROETHYLE TOTUJG,/L UATSR
34278 SISzCHLO ROETHOXY IOTUi'G/L UATER
34283 BISZCHLO ROISOPRO TOTg!,G,/L UATER
34292 NE8 PHTH TOTAL UG./t YATER
31301 CHLOROSE NZENE TOTUJG/L UATER
34320 CHRYSENE TOTgJG,/L UATER
.34336 DIETHYLP HTHALATE IOIVJG./L UATER
31311 DII{ETXYL PHTHALAT TOTV.JG./L VATER
31316 l2DIPHE}I YLHYDR,AZ TOTVJG./T VATER
3/,375 FLUoRAI|T HENE TOTU.JG,/L UATER
34381 FLUORENE TOTIJI'G,/L VATER

9 1.000000 .0000000 .0000000 1 . 0
9 1.000000 .0000000 .0000000 1.0

123 5.105700 .1559500 .575?500 1 0
8 1.200000 .0000000 .0000000 1.20
9 1.500000 .0000000 .0000000 1.50
9 1.000000 .0000000 .0000000 1.00

10  t . 900000  8 .100000  2 .846100  10 .000
10 1.900000 8.100000 2.E46100 10.000
10  1 .900000  8 .100000  ? .845100  10 .000
10 3.250000 5.62500C 2.37170C 10.000
10 3.250000 5.625000 ?.371700 10.000

10 1.150000 1.225000 2.05s500
1 0 . 0200000 . 0000000 . 0000000
10 2.350000 7.??t000 2.687900
10 2.350000 7.225000 2.687900
9 1.500000 .0000000 .00000c0

10 2.800000 6.100000 2.529800
9 1.000000 .0000000 .0000000

10  1 .150000  1 .225000  2 .055500
10 1.900000 8.100000 2.845100
' t0 , l .900000 8.100000 2.846100
10 2.800000 6.100000 2.529800
10 1.900000 8. '100000 2.846100
10 1.900000 8.100000 2.u6100

10 .000  3 .500
.020  .020

10 -000  1 .500
10 .000  1 .500
1 .500  4 .500

10 .000  2 .000
1 .000  1 .000

10 .000  3 .500
10 ,000  1 .000
10 .000  1 .000
10 .000  2 .000
10 .000  1 .000
10 .000  1 .000



l S T O R E T  R E T R I E V A L  D ^ I E  9 L / 0 6 / 2 8

]  1  IOTAL STATIONS PROCESSED

PGX= I NVENT
GROSS

|  1 .000000
PGr{= I NVENT

P A C E :

]  PARAHETER,
34386 HEXACHLO ROCYCLOP TOTVJG,/L UAIER,
31396 HEXACHLO ROETHANE TOTVdG/L UATER,
31403 I t{DE}rO( 1 Z3C0 )PYR T0Tl JG,/L UATER
34108 ISPHROIiE TOTUG/L UATER
34123 XETHYLE}t ECHLORID TOTR'G,/L UATER
31128 XTTROSO] IPROPYLA TOTVJG,/L UATER
34447 }ItTROBEX ZE}iE TOTI' I 'G,/L LNTER
34451 PHENANTH RENE TOTTA'G/L UATER
34169 PYRENE TOTY.'G,/L UATER

R,HK HUHBER HEAN VARIANCE STAH DEV HAXIHUH
10 1.600000 3.500000 1.897400 ,10.000
'10  1 .600000  3 .600000  1 .897100  10 .000
10  1 .150000  1 .225000  2 .055500  10 .000
10 1.900000 E.100000 ?.8/6100 10.000
9 6.000000 9.000000 3.000000 11.000

10  6 .100000  1 .600000  1 .261900  10 .000
10 3.250000 5.525000 2.371700 10.000
9 1.000000 .0000000 .0000000 1.000

10 1.900000 8.100000 2.846100 10.000
9 1.000000 .0000000 .0000000 1.000
9 1.000000 .0000000 .0000000 1.000
9 '1 .000000 .0000000 .0000000 1.000
9 1.000000 .0000000 .0000000 1.000
9 1.000000 .0000000 .0000000 1.000
9 1.000000 .0000000 .0000000 1.000
9 1.000000 .0000000 .0000000 1.000

10 1.150000 1.2?5000 2.055500 10.000
10 3.700000 1.900000 2.213600 10.000
10 1.900000 8.100000 2.846100 10.000
9 1.000000 .0000000 .0000000 1.000
9 '1 .000000 .0000000 .00000c0 1.000

10 2.800000 5.100000 2.529800 10.000
10 1.150000 1.225000 2.055500 10.000
r0 2.800000 6.100000 2.529800 10.000
10 1.900000 8.100000 2.846100 10.000
10 1.900000 8.100000 2.846100 10.000
10 1.120000 3.841100 1.960600 10.000
10 1.900000 8.100000 2.846100 10.000
10 16.75000 1035.000 32.17200 98.000
10 5.320000 2.701100 1.&lLOs 10.000
10 5.320000 2.701100 1.644400 10.000
10 2.800000 6.100000 2.529800 10.000
10 3.910000 5( .75600 7.399700 25.000
10  6 .580000  1 .111000  1 .201700  10 .000
10 2.80000c 6.100000 2.529800 10.000
10 2.800000 6.100000 2.529800 10.000
10 2.350000 7.2?5000 2.687900 10-000
10  7 .360000  38 .11600  6 .198100  25 .000
t0  1 .900000  8 .100000  2 -846100  10 .000
9 1.000000 .0000000 .0000000 1.000
9 1.000000 .0000000 .0000000 1.000

HINIHUH EEG OATE END DAIE
1.000 89/03/?8 9?/11/17
1.000 89/03/28 92/11/17
3.500 89/03/?8 92/11/17
1.000 e9/03/28 9?/11/17
5.000 e9/03/28 92/11/17
6.000 89/03/28 92/11/17
2.500 89/03/?8 9?t11/17
1.000 89/03/28 9?/0t,/21
1.000 89/03/?8 92/11/17
1.000 89/03/28 92/11/17
1.000 89/03/?E 92/11/17
1.000 89/03/28 92/11t17
1.000 E9/03/28 92t11t17
1.000 E9/03/28 92/11117
t .oo0 89/03/2E 9?.111117
1.000 E9/03/28 92t11/17
3-500 89/o3/?E 92/11/17
3.000 89/03/28 92t11/17
1.ooo 89/03/28 92/11/17
1.000 89/03/28 9?/11/17
1.000 E9/03/?E 9?t11/17
2.ooo 89103/28 92/11/17
3.500 89/03/?8 92/11/17
2.000 89/c3/?E 92/11117
1.000 89/a3/28 92/11/17
1.000 89/03/28 92/11/17
3.800 89/03/28 92/11117

i,illiiis,iiiiiiiiiilio
1.800 e9/03/28 92/11/17
2.000 89/03/28 9Z/1',1/17
1.600 89 tO3/?8 92 /11 /17
6.200 89/03/28 92/11117
2.000 89 /03 /28  92 /11 /17
2.000 89/03/?8 92/1' l /17
1 .500 89 /03 /28  9? /11 /17
5.100 89 /03 /28  92 /11 /17
1.000 89 /03 /28  9? /11 /17
1.000 89 /03 /28  92 /11 /17
1.000 89/03/28 92/11/77
1.000 89/03/28 e9/03/?8

HED I UI{

34175 TETRACHL OROETHYL TOTTAJG/L VATER
34488 TRtCHLoR OFLUORO{ ToTU.JGIL IJATER
34196 l lDICHLO ROETHANE TOTIAJG./L UATER
31501 l lDICHLO ROETHYLE TOTU.JG./L I 'ATER
31505 II lTRtCII LOROETIiA TOTIJT'G,/L UATER
31511 112IR,ICtI LOROEIHA TOTIJT'G,/L UATER
31516 11221ETR ACHLOROE TOTII'GIL UATER
34521 BENZo(GH I )PERYLE TOT9JG,/L L'ATER
31526 BENZO(A) AI|THRACE ToTttr 'G./L UAIER
31536 l2DICHLO NOBENZE}I TOTIAJG./L UATER,
34541 l2DICHLO ROPROPA}I TOTIAJG,/L I 'ATER
31516 IaDICHIO ROETHENE TOTUJG/L VATER
31551 121TRICH LOROEEI{Z IOIUJG./I LITER
31556 DIBE}IZ(A H)ANTHR,A TOTYJG,/L UATER
34566 l3DtCHtO ROBENZEN TOTUJG,/L VATER
34571 l lDICHLO ROBENZEN TOTV.'G./L UATER
34581 zCHLORON APHTHALE TOTIJJG,/L UATER
34566 2CHIOROP HENOL TOTV!'G,/L UATER
J459I 2NITROPH ENOL TOTIJTJG,/L UATER

1596 DINOCTPH TOTUG/L UATER
J4601 24DICHLO ROPHENOL TOTVJG/T UATER
31606 U,DIIIETH YLPHENOL TOTg.JG,/L VATER
34611 24DtNITR OTOLUENE TOTUJG,/L UATER,
34616 zlDINITR OPHE}IOL TOTIII .JG,/L UATER
34621 246TRICH LOROPHE}I TOTVJG/L UATER
34526 25DlXlTR O1OLUENE IOTlr.rG,/L UATER
34636 4BRO{OPH ENYLPHEN TOTUJG./L UATER,
34641 4CHLOROP HENYLPHE TOTU!,G,/L UATER,
34546 4IIITROPH ENOL TOTIJJG,/L I.IATER,
34696 XAPTHALE }tE T OTIIJG./L IJAIER,
3L699 t1 ,]-DCP TOT IJAT UG/L UATER
31701 a1,3-DCP TOT UAT VG|L UATER
34705 C1,3-DCP DISS UAT UG,/L UATER

STORET RETRIEVAL DATE 91/06/28
1 .000



)  PARAXETER
39032  PcP

39330 ALDRnT
39337 ALPH^BHC
39338 EETA SHC

39390 ENDR tl l
39400 TOXAPHEIT
39410 HEPTCHLR
39120 HPCHLREP

39488 PCB - ' l  221
39192 PcE-1232
39196 Pc8-1212
39500 PcB-1218
39504 PC8-1254
39508 PcB-1250
39700 HC8
39702 HEXCLB0

81551 XYLEUE
81552 ACETONE

HED I  UX
TOT UG,/L UATER

TOT UG./L UATER,
IOIUG/L UATER
TOIUG/L UATER

TOT UGIL UATER
TOTUG,/L I]ATER,
TOTUG./[ UATER
TOTUG./L UATER

TOTUG,/L UATER
TOTUG,/L VATER
TOTUG./L UATER
TOTUG./L UATER
TOTUG/L gATER
TOTUG/L UATER

IOI UG,/L UATER
TOT UG,/L L'ATER,

TOT UG,/L IJATER
TOT UG,/L UATER

lrED t ux

rAGE: 10

XINIHUH 6EG DATE END DATE
l .800 89/03/28 9?/11 /17
1 .500  e9 /03 /28  92 /11 /17
1 .000  89 /03 /28  9? /11 /17
1.000 89/03/28 92/1 ' , t /17
.020 e9/03/28 9?/11/17
.010 e9/03/28 92/11t17
.030 89/03/28 92/11/17
.010 89/03/28 9?/11/17
.500 89/03/?8 92/11t17
.050 89/03/28 92/11/17
.050 89/03/?8 92t11/17
.100 89t03/28 9?/11/17
.050 89/03128 92/1 ' , t /17
.010 89/03/28 92/11/17
.080 e9/03/28 92/11/17

2.000 89/03t28 92/111',t7
.020 e9/03/?8 92/11/17
.020 89/03/28 92/11/17
.200 89/03/?8 9?/11/17
.500 89/03/?8 92/11t17
.500 e9/03/28 9?/11/17
.500 89/03/28 9?/11/17
.500 89/03/28 92/11/17
.500 89/03/28 9?/11t17
.500 e9/03/28 92/11/17

5.200 89/03/28 92/11t17
3.00 89/03/28 92/11/17

10011 85/05/?2 92/07/27
82 e5/12/19 93/11/17
.1 8?/01/25 93/08/02

861001 85/08/22 93/11t17
1.500 89/03128 92/11/17
2.500 89/03/28 92/11/17
1.700 89/03/28 92/11/17
1.000 89/03/28 9?/11/17
1.000 89/03/28 92/11/17
2.600 89/03/?8 92/11/17
2.00 e9/03/28 92/11/17

2.500 e9/03/?8 92/11/17
1.000 e9/03/28 92/11/17
9.000 89/03/28 9?/11/17

20.000 89/03/28 9?/11/17
PAGE: 11

39100  62ETHHXL  PHT} iALAT  TOI  UG, /L  UATER
39110  DHB PHTH IOTAL  UG. /L  VATER

39 . I 80  TR ICHLOR E IXYLENE TOI  UG, /L  VATER

NUHBER XEAH VARIAIICE STA}I DEV HAXIHUH
10  2 .620000  6 .721000  2 .593100  10 .000
10  23 .18000  1150 .300  38 .08300  110 .000
10  1 .370000  .9023300  .9199100  4 .000
9  1 .000000  .0000000  .0000000  1 .000

10 .0200000 .0000000 .0000000 .020
10 .0100000 .0000000 .0000000 .010
10 .0300000 .0000000 .0000000 .030
10 .0100000 .0000000 .0000000 .010
10 .5000000 .0000000 .0000000 .500
10 .0500000 .0000000 .0000000 .050
10 .0500000 .0000000 .0000000 .050
10 .1000000 .0000000 .0000000 .100
10 .0500000 .0000000 .0000000 .050
10 .0100000 .0000000 .0000000 .010
10 .0800000 .0000000 .0000000 .080
10 2.000000 .0000000 .0000000 2.000
10 .0200000 .0000000 .0000000 .020
t0 .0200000 .0000000 .0000000 .020
10 .2000000 .0000000 .0000000 .200
10 .5000000 .0000c00 .0000000 .500
10 .5000000 .0000000 .0000000 .500
10 .5000000 .0000000 .0000000 .500
10 .5000000 .0000000 .0000000 .500
10 .8000000 .0655570 .2582000 1.000
10 .8000000 .0556670 .2582000 1.000
10 7.180000 39.20100 6.261300 25.000
10 3.700000 4.900000 2.?13600 10.00
61 29512.00 3608E+05 18995.00 81834
79 171.7900 1076.600 32.81100 130

125 .1200000 .0390320 .1975700 2.3
88 902100.0 5189E+C5 22780.00 94.05'i8
10 2.350000 7.225000 2.587900 10.000
10 3.250000 5.525000 2.371700 10.000
10 2.530000 6.889000 2.621700 10.000
10  1 .900000  8 .100000  2 .846100  10 .000
10 1.900000 8.100000 2.u6100 10.000
10 1.840000 50.17600 7.083500 25.000
9 2.000000 .0000000 -0000000 2.00

10  1 .750000  50 .62500  7 .115 '100  25 .000
10 1.900000 8.100000 2.846100 10-000
9 9.000000 .0000000 .0000000 9.000
9 20.00000 .0000000 .0000000 20.000

NUI.IBER HEAII VARIANCE STAII DEV I{AXII,IUI{
9  8 .1?2200 13 .80500 6 .618500 26 .000
9 3 .000000 .0000000 .0000c00 3 .000

10 .5000000 .0000000 .0000000 .500
E .7500000 .0711290 .?67?600 1.000

10 .1100000 .0060001 .o771600
10 .0800000 .0006666 .025e200
1 1 .000000

39310 GAXY,AEHC LINOANE TOT.UG,/L IJATER
39350 CHLRDA}JE TECH&}IET TOI UG,/L UATER
39360 DDD L'HL SHPL UG,/L UATER
39365 DDE L'HL SHPL UG./L VATER
39370 DDT L'HL SHPL UG/L IIATER
3 9 3 8 0  D I E L D R I N TOTUG./L UATER
39388 ENDOSULX YHL SHPL UG,/L UA]ER

39180 }{THXYCLR VHL SHPL UG./L UATER

4N. VEATHER SAXPLING COCE UATER
-nEstDUE D!SS-180 C HG. /L  UATER
ilxencunY HG,ToTAL uG./L UATER
7LOL1 9AF SA'{PLE UPDATED UATER
7/089 AIIILII iE TOTAL UG./t UATER
77117 B'IZYLALC TOTAL UG./L UATER
TN17 BENZOICI- TOTAL UG./L VATER
2415 2HNAPTIiA TOTAL UG/L UATER
27571 CARBAZOL TOTAL UG,/L UATER
TT87 ?I5TCLPH TOTAL UG,/L IJATER
78113 ETH BENZ VH VTR UG/L UATER
78300 3 .NITRO ANTLINE TOT UG. /L  TJATER
8.1302 D I BENZO FUR,AH TOT UG./L UATER

iToRET RETRtEVAL DATE 91/06 /2A

1 TOTAL STATIONS PROCESSEO

PARAXETER

PGX= I XVENT
GROSS

RHK
81595 HTI{  ETH KETONE TOT UG/L UATER
81595  HTHISCBU KETOI IE  TOT  UG/L  UATER
8154E PCB 1016 /1212 TOT UG,/L UATER
81649  PC8 .1262  IOT  UG/L  UATER
82623 ENDOSLFX .SO4 lOT REC UG,/L UATER
82624 ENDOSLFII  BETA TOT REC UG,/L VATER
85E10  l 2D ICLR ETHL  TRX EFF  UC/L  9ATER

H A T I S  A t L  F O L X S
;TORET RElRIEVAL DAIE 91, /06128'''o

7

. l
1 . 0 0 0

XI N I HIJI{
6. 000
3. 000

.500

.500
. 0 5
n<

1 -000

BEG OATE END DATE
e9/03/28  9? /11 /17
89/03 /?8  92 t11 /17
89/03 /28  9? /11 /17
89/03 /?8  92 /11 /17
e9/03 /28  92 /11 /17
89/03 /28  92 / ' , t1 /17
e9/03/28 89/03/28
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ATTACHMENT 8

SOUTHERN END OF LAKE MICHIGAN
REPRESENTATIVE FISH ERI ES

E

o

o



Tab1e 18.  F lah SPeclea
Canal, Indlana Harbor,

Aetlvit leg.

Alewife

Gizzard ehad

Steelhead trout

Brown trout

Lake trout

Chlnook galnron

Coho ealsron

Lake whlteflsh

Ralnbow gmelt

central mudnlnnow

coldf ish

Carp

coldfiBh x carp hybrid

Alosa Pseudoharengus

Dorosoma cePedianum

Salno gairdneri

S.  t rut t t

Salrrelj-nu s nanaYcush

OncorhYnchus tshavYtscha

o. kisutch

cotegonus cluPeaf ontis

osmerus mordax

aabra limi

Carassius rutaeus

Cyprinus carPio

S c ard iniu s e t Y zhro Phth almu s

N otemiEonus ctYsoleucas

llotropjs atherinoides

lI. Dudsonius

N. heterolePis

N. spilopterus

lf. straatj'neus

Pinephales totatus

P. promelas

P.  v ig iTax

Nhinichthys cataractae

Catostomus cotwtersoni

C- catostomus

lloxostoma anisurum

E. erythrutum

fcta lurus Punctatus

funeiurus raei.as

Percopsis omiscomaYcus

ccR/IHC Harbor Lake

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Collected from the Grand calumet River' Indtana Harbor

and aouthneatern Lake Hichlgan During Varioua Sampling

+

+

+

+

+

+

+

+

O 
Rudd
Golden shiner

Emerald shiner

spottall shiner

Blacknoee ahiner

Spotfin shiner

Sand ghiner

Bluntnoae ninnoet

Fathead minnost

Bullhead minnow

Longnoae dace

White gucker

Longnose eucker

Silver redhoree

Golden redhorge

Channel  cat f ieh

Black bul lhead

Trout-perch

+

+

+

+

+

+

5 3



Burbot

Rock baee

Green eunftgh

Pumpklnaeed

Orangeepotted eunfleh

Bluegl I l

Snallnouth baas

Largemouth baee

Black crappie

Yellow perch

Johnny darter

Freehwater drun

t{ottled eculpln

Slimy sculpln

Threeapine stickelback

Lota lota

Anbloplltes rupastrls

Lepomis cyanellus

L. Eibbozua

L. hunilis

L. a,acrochints

Iticroptarus doloaieui

E. salaoides

Poaloxis ntgroaacul,atus

Perca tlaveecens

Etheostoma nigrua

Aplodinoeus grunniens

cottus bairdi

C. eognacus

Gasterosteus aculeatus

+

+

+

+

+

+

+

+

+

+

+

Sources: Indlana Departnent of Natural Regourceg ctudlea; Pollg and Dennieon

1984; IDEI{ 1988; Rlaattl rnd Rosa 19891 slnon et aI. 1989; Slmon

L992i sobiech et at. L994i- ChLcago Dlstrict Corps sanpling ln 1994,

1995,  and 1996
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ATTACHMENT 9

1997 INDIANA ENDANGERED, THREATENED,
AND RARE SPECIES LISTS

1 995 MICHIGAN NON.INDIGENOUS AQUATIC
NUISANCE SPECIES STATE MANAGEMENT PLAN:

EXECUTIVE SUMMARY

E



- 'anua ry

iLCODE:

STATE:

I LULru{L

ENONGERED. THREATENE9 A,.JO RARE VERIEBRATES AI.IO INVERTEAMTES. INOI/$IA
INOINA NATURAL HERITAGE DATA CENTER

. .  SPECIES NAI . , IE : . .  . . . . .  CCITON NA}4E : . .  . . . . .  SPROT:  USESA:SRAI ' IK : .  GRA} IK

t l{amal
MALEOIOIO 8OS BISON
A{AJAOIO3O CAI'IIS LUPUS
AII{AJAOIO2O CI}IIS RUFUS
AMALCOlOIO CERVUS ELAPHUS
AI4ABEOsOIO CONOYLUM CRISTATA
AMACCOSOzO CORYNORHINUS RAFINESOUI I
AfiAFJOlOlO ERETHIZON DORSATUM
A},IAJHO1O22 FELIS CONCOLOR COIJGUAR
AI,IAJHO3OIO FELIS LYNX
MAFCOzOIO GEOI'IYS EURSARIUS
AI.IA]FO3OIO GULO GULO
AI4A]FOSOiO LUTM CAI.IAOENSI S
AI.iAJHO3O2O LYNX RUFUS
AI,IAJFO IO2O I'TARTES PENNANTI
AI,TA]FOzOzO I.IIJSTEI.A N I VAL I S
AI.1ACCO1O3O I.IYOTIS AUSTROR I PAR IUS
AHACCOIO4O HYOTIS GRISESCENS
MACCOIIOO MYOTIS SOOALIS
AI,IAFFOSIOO NEOTO,IA FTAGISTER
AHACCOSOIO NYCTICEIUS HI,HEMLIS
AI.,IAFF2IOIO RATTUS RATTUS
AI,|AFFOzO3O REI]HROOOMIS{YS I4EGALOTIS
AI.,|A8AOI18O SOREX FI,I€US
AtrA8A0l250 SoREX foYI
AI1AF8()512O SPERI.OPHILUS FRA}IKLIIII I
AI'IA]FOSOIO SP ILGALE PUTORIUS
AI,IAEBOIOSO SYLVII-AGIJS AflJATICUS
AI.TA]FO4OIO TAXIOEA TAXTJS
AliAl8o10l0 uRsus AltRlcAllus
fr  Bird
AENKCIzO4O ACCIPITER COOPERI I
A8[KCTzOzO ACCIPITER STRIATUS
A8NS8I5O2O AEGOLIUS ACIDICUS
ABPEX9IOsO AIMPHIU P€STIVAL tS
AEPEXAOO3O AI.IOORAI.i.JS HENSLOT.II I
A8IrJ81OI5O Al,lAS CLYPEATA
A8rU8l00l0 AlLAs cREccA
ABI$81OO4O AI,|AS RUERIPES
AENGAO4O4O ARDEA ALEA
A8}IGAO4()IO AROTA HEROOIAS
A8r{S813040 ASI0 Fr-AlnfUS
AENSEI3OIO ASIO OTUS
A8NB11O3O AYTHYA AIGRICI}IA
AEIIJBI IO4O AYTHYA COLI-ARIS
AENNFOSOIO BARTRAHIA LONGICAUDA
ASIGAOIO2O BOTAURUS LEilTIG INOSI,S
A8NKCI9O3O BUTEO LINEATUS
A8NKC19O5O BI'IEO PLATYPTERUS
A8P8YO5O3O CAROUELIS PINIJS
ABPBA(}IOIO CERTHIA AIiERICAM
ASNNBO3OTO CIIARAORIUS HELODUS
A8NNI.11OO2O CHLIOOI{ IAS N IGER
AENKCI1OIO CIRCUS CYNEUS
AEPEGIOO2O CISTOTHORUS PALUSTRIS
ASPEGIOOIO CISTOTHORUS PI,ATENSIS
ASNKAOIOIO CORIGYPS ATMTUS
A8PAV10110 CoRVUS CoRAX
A8U]8O2O3O CYGNUS EUCCIMTOR
A8PBXO324O OINOROICA CERULEA
A8P8XO318O OENOROICA KIRTI-AI{OI I
AEPBXO3IOO OENOROICA VIRENS
A8I.IGAO5O4O EGRETTA CAERULEA
A8PAE33O7O ET.JPIDONAX MINI}TJS
A8P8X85O2O EUPIIAGUS CYAIOCEPMLUS

MTRICAII BISON
GRAY I.IOLF
RED I'J0LF
,,IAPITI OR ELK
STAR.NOSED IOLE
RAFINESQUE'S BIG.EARED BAT
COI'ION PORCUPINE
IOIJNTAIN LION
LYNX
PI,AINS POCKET GOPHER
I,IOLVERINE
NORTHER}I RIVER OfiER
808CAT
I l)frEK

LEAST I.IEASEL
SOI'I}IEISTERN MYOTIS
GRAY MYOTIS
INOINA OR SOCIAL MYOTIS
EASTERfl I.IOOORAT
EVEIIING 8AT
BLACK RAT
I.IESIERN MRVEST }OUSE
SIOKY SHREI.I
PYO{Y SHRTW
FMIIKLIN'S GROIJND SQIJIRREL
EISTERI{ SPOTTED SKII'IK
SMI'IP M88IT
AI.fRICAI{ BAMER
8I,ACK EEAR

COOPER'S HAI.IK
SMRP.SHINNED MHK
ilmfiERI SAI{-I{HFr OJL
8AO+tA!t'S SPARRO,I
HEilSLOf'S SPARRO.|
NMIHERII S}OVELER
GREEII.bIII{GED TEAL
AlfRICiil Et ACK TXJCK
GRIAT EGRET
GREAT BLUE HERON
S}ORT.EARED qJL
LOiG.EARED qTL
ROI{EAO
RIIIG.NECKED OIJCK
UP|'.AI|O SAI{OPIPER
II,fRICA|| EITIERII
REO.SHOI'LDERED MIK
BROAD-I.I I}.IGED TIAI{K
PIIIE SISKI}I
BRq,fi CREEPER
PIPII.G PLOVER
8I,ACK TERil
NORTHERN IIARRIER
ITARSH I.IREN
SEOGE lrREll
8I,ACK VULNNE
COION RAVEN
TRIIfFIER SI{A}I
CERULEA}I I.IARELER
KIRN.A}IO'S MRBLER
ELACK-THR0ATEO GREET{ I'IARBLER
LITTLE ELUE HERON
LEAST FLYCATCI.IER
BREXER'S BI,ACKEIRD

:l+ 53
tr q2
* slszn s l
n s 2
* s n
r}r v?n sz?i s l
n s 4
. t s 2
* s 2
f r s l
n s 2
* r s l
: r . r < 2
n s 3
n s 3
* s2s3n 5 3
LELT 51* s l
r* s2n s 3
H 5 3
n s 3
tt sx* s ?
it s2
LE 5Ifi slszt* st
* q ?
* s?N

SSC-speclal concern. HLanatch list.

specific ranges of spqcies. PE-proposed
to L€ speclei. --not listed

sx r+ sx G4
SX LELT SX G4
SX LEXN S\ GI
S X * S X G 5
ssc r s2? G5
SSC *r SH G3
S X # S X G 5
SX LE SX GSTH
sx * sx G4G5
SSC * 52 G5
S X f f S X S
st t* s? G5
S E * 5 1 G 5
5X t SX G'lGs
ssc * s2? G5
S E f f 5 1 G 3
SE LE 51 G2G3
SE LE 51 G2
sT * s2 dlBl
S E f r 5 1 G 5
sx tr' sx G5
ssc ti. s2 G5
ssc r* s2 G5
ssc r* s2 G5
sT i* s2 G5
s x * s x G 5
sE irr sl G5
s r * s 2 G 5
SX T(S/A SX G5

BI
G5
G5
G3
G3BI
G5
G5
BI
G5
G5
G5
G5
G5
G5
G5
BI
G5
lr,l
G5
G5
dt
BI
G5
G5
G5
G5
G5
BI
el
G1
G5
G5
G5
G5

HL
ssc
SE
sr

SEssc
SE
H.

SE
SE
ssc
ssc
H-
SE
SE
SE
SE
ST
t{t-
sx
SEssc
SE

t{L
tlLsx

SX-exttrpated. SE-endangered. ST'threatened' SR-rare.
SG-srqni ficant. SRE-state relntroduced
LE-endangered. LT-threatened. LELT'different listlngs f-or
endangerid. PT-proposed threateneo. Ei SA-appearance si ml I ar

Page I



January 22. L997

ELCOOE: . SPECIES Ml"lE: .

STA]E:

FEDEML:

A8ilSA01010 m0 ALBA
NSPBXO1OSO VER}TIVORA CHRYSOPTERA
aspExtooso t{lLsorllA CA!{A0ENSIS
ngpsxtsoto wlLsoNIA CITRIM
rspBiBi0i6 nHl..ocEpttlt-us xAt|TlncEPtlALus

ALLEGAI{IENSIS
AAAAOOSOIO HE}IIOACTYL IIfi SCUTATIT'I
NAqAIOTO4O NECTURUS I'IACULOSUS
AAAAOI2I5O PLETHOOON RICI{ONDI
MMOTSOZZ PSEUMTRITON RUBER RUBER
AAABHOIOI4 RANA AREOIJATA CIRC1JLOSA
AAASHOiO4O RA}IA BI.AIRI

PEREGRINE FALCON
COTION SNIPE
conoN L00N
SNOHILL CRAI.IE
BALO EAGLE
IiORI.t. EATI NG I.IARELER
MISSISSIPPI KITE
LEAST BITERN
LMGERHEAD SHRIKE
I{mOEO i'IERGA}ISER
BI.ACK. A}It). hIH I TE I.II,RELER
YELL0|,|-CR0I'INED N IGHT-||ER0N
BI-ACK - CROI{NEO N I GHI - HER0N
OSPREY
ooj8Le - cResrED C0RI{RAr{T
I.IILSON'S PMLAROPE
KIiG RAIL
VIRGINIA RAIL
ilMTHERN I.IATERTHRUSH
YELLOI.BELLIED SAPSUCKER
INTERIOR LEAST TERN
FORSTER'S TERI{
COIOII TERN
IIESIER}I I'IEADOJWK
EElllCK'S r,lREN
CREAIET PRAIRIE.CHICKEN
MRII OilL
G[I.I}EI{.I{I }GED I{ARBLER
CAIIAOA MRELER
I{OOOED I.IARELER
YELLSI.HEADED 8I,.ACKB IRD

}JESIERII COTTOIOd'TH
IfiTHERI{ SCARLET SMKE
SPOIT$ NNTLE
KTRTI.AIO'S SMKE
TIISER RATTLESMKE
EI.AI|OI}G'S N.RTLE
I{ESIERII I{JO SMKE

ffiEHrffi#FIhE '*'.'
COPPERSELLY I.IATER SMXE
ROIFI{ GREEN SMKE
S}MTH GREEN SMKE
SLEXDER GI.ASS LIZARI)
HIERMLYPIIIC RIVER COOTER
EASIERII I'tfSSlSALCA
SO'THEASTER}I CROil{ED SMKE
ORMTE 8OX TURILE
BIJTLER'S GARIER SMKE
I.IESIERN RIEBON SMKE

NORTHERN CRICKET FROG
STREAIG I DE 5AI-AT'IAI{OER
BLUE. SPOTIED SAI,AIIANDER
GREEN SALII,TANOER
H€LLBENOER

FOIJR.TOED SALAI,TA}IOER
ITJOPI,PPY
RAVINE SATA,TANOTR
NORTI{ERN REO SAIA|.IAIIOER
NORTHERI{ CRA{FISH FROG
PLAINS LEOPARO FRM

G5
et
G5r5
G5
G3BI
G5r2
G5
G5
G5
G5r4
G3BIR
G5
c5
G5
G5

G5
el
G5
G3el
G4T4

SSC-sPecial concern' t.Jl{atcn

specific ranges of species. PE'prt
to UE soeciei. *'not listed

ENDANGEREo.THREATENEoANoRAREVEBiEqUIE!.4N0INVERTEBRATES.INDIANA- 
IIOilltI HATUNII HERITAGE DATA CENTER

CO|ffN NME: SPROT: USESA:SMI'IK: ' GRAIIK

T(S/A
E

fr
fr

LTNL
fr

F

ff

fr

fi

fr

*
fr

*
*
rF

t*

f

*
*
LENL
t*

ff

i+

ff

i*

Ilt

*
t*

*
ff

u$

tr3

u{

lrJ

b4{:l

uf
UJ
G5
u5
u5
G5
ll.l

G4G5
trt
uf
G5
BITzQ
G5
tr5
lrt
BI
G4
G5
gl
G5
G5
G5

c5f5
G5r5
G5
G2

5 l
sz?
S?N
S2
\ l

S3
SA
S3
S1
)Z>J
s?
s2
S1
5I
S?N
S?N
<1

s2
SI
s?t.
s1
s?r{
s?l{
s2
S1
sx
v
S1
slsz
s3
s2

f s t
* s l
f r s 2
*rl 52* s 2
n s 2
f r s x
* * s 2
l l r S l

PT 52* * s 3
trt 52* s 2
* s l
* s 2
* s I
* s 2
t.r sl
f r s 3

SE

SX

SE
ssc
5SC
SE
\ >

SSC
SE
<F

SE
sxsx
SE
SSC

SEsxsxssc
SE
sx
SE
SE
sscssc
ST

srsrsr
srsr
SEsxsr
SEsrssc
ST

SEsr
ST
ssc
ST
ssc

G5
G5
G5
G5r5
G4T4

n s ?
t{L H s3
ssc rt s2
s E t s ?
S E f f S l

s r n s z
ssc * s2
t{L tt s2
sE rt sI
S T f f 5 2
ssc H s2

Sx-extirpated. SE'endangered. ST'threatened' SR'rare'
SG-siqnr fi cant. SRE'state rel ntr-oduced- -
LE;"d;il;A l' rT:iniiliineo. t-e[r<-r r-rerent I ! !!1nql-.r9l-
EnOingered. PT-proposed threatened. E/SA'appearance srmr lar
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,January 22. \-997

ELCOOE: . . .  SPECIES N / t }aE : '

STATE:

FLUEruTL:

NORTI{ERN LEOPARO FROG
EASTERN SPIOEFOOT

LAKE S]].JRGEON
ALA8AM SitAO
NORTHERN CAVEFISH
LO}IGNOSE SUCKER
REDSIOE OACE
L T)LU

BLOATER
0EEPI'IATER CISC0

[,Xl*tt* rttro
SHORTNOSE CISCO
SHmTJAl,l CISC0
LAKE Cru8
CRYSTAL OI.RTER
ELIE SUCKER

f,tgi?ffiI^8f;H+"
NMIEOIIH OARTER
SPOTIED OARIER
ASNM SAl'lO OAR'IER

ii8lluh,P^8ffi+"
VARIEGATE DARTER
I€RTHERII STI.OFISH
CYPRESS I.IINNOI
BIGEYE CHUB
PATIIO SHINER
OIIO I.X{PREY

l# EH5Etl,'""'
AIIGATOR GAR
8II{TN SUI{FISH

$ff"fl'ffiF'
NSPSE SHINER
8IEO.'TH SHINER
BI-ACXNOSE SHINER
}IEED SHINER
FREqLED }TAOTO{
ilMIHERN MOTO{
PtFllosE t{lNNO.f
O{AIIIIEL OARTER

8lhlnlilffi*o**
TRq'T.PERCH
PAfrLEFISH

ffi,Il$t*uttttt

I.ORRISON'S CAVE COPEPOO

mf+lFntlliPotto'oo
GROJNOI.IATER ISOPq)
EURROI.IING CRAYFISH

foffilE ilt*uE Ar'rPH I Poo
UlfrulryUgYEoff'8l'*
SPRING N1PHIPOD
Cl.At{ SHRI}4P

EN0NGERE0. "**l[iliR flR^ffi[iLHIi?HI',3^ilo,lilvERTEtsRATEs 
INDIANA

COI{ON NAj4E:""" SPROT: USESA:SRA}IK:

sqc n 52
554 n s2

GRA}IK

u ) r J
ffiBF8lbil H|'!IBJEH.LBR''KI I H'LBR..KI I

>E
SX

rilL
)Eqsr
HL
tl,lL

HL
SX
sx
tlL
UL
SX
ssc
SE
qF

SEssc
SE
SE
SE
ssc
t{L
tlL
HL
t{L
t{L
t{-
llL
sx
s5cssc
}L
!t-
r{_
LtL
ltL
lrL
UL
t{L
SE
SX
tJL
HL
hlL
SE

sl
SX
q1

>Z

\ l

sx
SX
SX
( 1

5Z
SX
S2

s3
s1
SI
s2
q 1

s1
s1
s2
S2
s2
s2
S2
s2
s2
s2
5I
s3
s2
s1
S2
s2
s2
s1
S1
s2
S2
q1

sx
S2
s3
S2
sl

gJ

ue

G3
G5
h5
t!t

G3
GX
G3
GX0
GH
ca
G5
G3
G3
et
G3
G5
Ctz
GI
G5
G3
G5
G5
tr5
G5
et
G3et
G5
G5
G5
G5
et
c3
G3
G5
G5
G5
G5
el
G5
et
G4
G3
UD
BI
G5
G3

G?T?
G1
Crz
G?
G2G3
G5
G2
tn
GI
G1
G?

ff

E

fr

il

E

ff

t*

f

ii

f

fr

*
fr

*
ff

*
F

fr
ff

fr
*
tt
fr

l*

fr

it

:F

fH

tt

t

ff

fr

ff

tt

it

it

lll

t

ff

lF

f

ff

ff

i*

fF

tlt

rlt

*

SE .F SI
sE it s2
sE 'F 51
S E f f S I

* r < ?
H s 2

S R f 5 2
SR :F 52
sE tt sl
sE r !l-
HL i l  5t1

il,*il$$iq;.,,}ff+-tigg'S*i#"}H$"-#',.l*dffi ##:l'"'::::
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ENOANGERED, THREATENED AliO MRE VERTEBRATES AJ.IO INVERTEBRATES. INOlAl'lA
INOIAI.|A NATURAL HERITAGE OATA CENTER

ELC0OE: . . .  SPTCIES NAI IE : . .  . . . . . .  C0 t ' rON M l . lE : . .  . . . . .  SPROT:  USESA:SRAI , IK : .  GRAI IK

ICCoP090l0
ICr'rALI1100
I CMALI I 03 I
IOIALIIO32
IO4ALlI6lO
ICflALlll50
IC}4AL14440
IC!,IALl43I0
IC0ST1 1010
ICoSTll020
ICHALO53OO
IC!'rAr05X20
r llussel
Ir€tv02110
Il€tv05010
IIGIVOSOlO
Ir€1v10020
il€tvf5050
IlatVr5lll
Ir€tv16It2
IPBIVI6I4O
lr€lvl5t50
Irf Ivl6160
lr€lvl6t84
Ir.€tvt6t83
Ir€1v15190
Ir€tvI7120
n€tv20010
Ir€IV21lI0
t|aIV21070
lr€1v2I130
n€tv21240
Ii81v24020
tlatv26020
Ir€1v31030
Ir€tv31050
Ir€M4010
I|aIU34020
Ir€1v34030
Ir€tv35050
Ir€tv35070
Ir€tv35090
tr€tv35240
Ir€tv35250
ImM7030
Ir€tv38010
Il€1v39041
Ir€1v39050
Ilatv39080
IlatV39090
I l€tv4t0l0
Ir€tv43030
Ir€1v43050
IMIVMOIO
IrGIV47050
Ir€tv47070

MEGACYCLOPS OONNALOSONI
ORCONECTES INOINENSIS
ORCONECTES iNER}4IS INERHIS
ORCONECTES INIR}4IS TESTI I
ORCONECTES PUTNAI'II
ORCONECTES SLOAI{II
PROC,AI48ARUS CL,A,I?KI I
PROCAAARUS GMCILIS
PSEUDOCA}'DOM JEAIINEL I
PSEUOOCANMM NARENGOENS IS
STYGOBROruS MCKINI
STYGOBROTiJS SP 2

ALASMIOONTA VIRIDIS
ARCIDENS CONFRAGOSUS
CI.IEERLA}IO IA I{NOOONTA
CYPROGENIA STEGARIA
EPIOBLASM FLilINSA
EP IOEI-ASHA OBLIOIJATA OBLICIJATA
EP iOEL/SM OELIOIJATA PEROBL IOIIA
EPIOBLASI.IA PERSOMTA
EP IOBI-PSI.IA PROP INOI.IA
EP IOEI,ASI.IA SAI'PSON I I
EPIOBI.,ASMA TORULOSA RAIGINA
EP IOELASHA TORULOSA TORTJLOSA
EPIOEIASI'IA TRIruEIRA
FUSCOMIA SUBROTUNOA
HEI{ISTENA IJATA
LAIfSILIS ABRI'PTA
IJAI{PSILIS FASCIOLA
T,AI.IPSILIS OVATA
LAIfSILIS TERES
LEPTOOEA LEPTOOON
LIGWIA RECTA
OEOVARIA REIIJSA
OBOVARIA SUBROruNDA
PLET}CI8ASUS CICAIRICOSUS
PLET}IOBASUS CMPERINUS
PLETHOBASUS CYPHYIF
PLEUROEE}IA CI-AVA
PLEUROSEI,IA COCCINEI.S{
PLEUROEE}4A CORDATU.I
PLEUROBETN PLENW
PLEUROBEI'IA PYMI.IIOATI.I4
POTAI.,IILUS CTPAX
PTYCI{OERAIICHUS FASCIOL.ARI S
OIJAORULA CYLINDRICA CYLINDRICI
OIJAORULA FRAGOSA
OUAORULA MFTNEVRA
OIJAORUI.,A NOOTJI,ATA
SIIfSOMIAS AI.IEIGIIA
TOXOLAST,IA LIVIOII.I
TOXOI-ASMA PARVI}4
VENUSTACONCI{A ELLI PS I FORJ{IS
VILLOSA FAEALIS
VILLOSA LIENOSA

OOMLOSONS CAVE COPEPOO
INDIAJ'IA CMYFISH
A TR0GLOEITIC CMYFISn
TROGLOBITIC CRAYFISH
A CRAYFISH
CMYF ISH
RED SMI4P CMYFISH
PRAIRIE CR,AYFISH
JEAI'INEL'S CAVE OSTXACOO
IIAREI.IGO CAVE OSTRACOO
SOU]}{I.IESTERN VIRGINIA CAVE AI4PHIPOO
UiIDESCRIBED AI{PHIPOO

SLIPPERSHELL MTJSSEL
ROCK.POCKETBOOK
SPECTACLECASE
EASIER}I FNSHELL PEARLYTiFSEL
LEAFSHELL
PURPLE CATSPAI{
I{IITE CAT'S PA}I PEA&Y}USSEL
Rflfio cofsHEu
TETIXESSEE RIFFLESHELL
TIASASH RIFFLESHELL
t{ORTI{ERil R I FFLESHELL
IItsERCLED ELOSSO4
SNIFFBOX
LOiG.SOLID
MACKI}G PEARLNESEL
PIIIK TIJCKET
I.IAVY -RAYED I,.AIf}I6SEL
PMXEIBOOK
Yntor SAIEHELL
SCjLESHELL
8I.ACK SAI{OS}ELL
RIIG PIIIX
KIIIO HICTORYM'T
}IIITE }IARTYBACK
MArcE-FOOT PI}fLEBACK
SIIEEPIOSE
CtI,tsSHELL
RfliD PIGTOE
OI{IO PIGTOE
RNEH PIGTOE
PNAHID PIGTOE

.FAT POCKFIBOOK
KIDiIEYSHELL
Rl88trsFooT
t.lI}GED MPLELEAF
IOIKEYFACE
IIARTYBACK
SILAI{AIIOER }IJSSEL
PMPLE LILLIPT'T
LILLIPUT
ELLIPSE
RAYED EEAT
LITRE SPECTACLECASE

S}IAGGY CAVE SMIL
POIIITED CAI.PELO.IA
INOINA RIVER SMIL
HIOOEII SPRIIGS SMIL
A$ORED ROCKSMIL
$IAHP LY|I'IAEA
STIARP I.IEDGE

s E * s l
ssc n s2n s 3
S T * 5 2n s 2

t* slsz,** s?
*  ( l q ?

S E H S l
< F * q l
S E * 5 1
sE t* sl

A l

tJZt:J

G5T4
U J I J
UJ
\aa

b5
t : !
G?
G3&l
G1

G2Al
G5
G?T?
IJI

G?
G5
h 1

fr Gastropod
IIGASJSOIO ANTR0SEIJcTUS SPIRAIS
IIGASESO4O CAI,IPELOI.IA OECISL}T
IiGASK2SOI ELIMIA SEHICARITIATA INOIA}|ENSIS
IIGASGsOzO FONTIGENS CRYPTICA
I}GASKSOIO LIT}IASIA A.R}IIGEM
IIGASLzOzO LYi4}.IAEA STAGML tS
II.GASAIzSO TRIODOPS IS OBSTRICTA

STATT:

FEDERAL

&1
G3
G2G3
G1
GX
GTT?
GlTI
GX
GX
GX
GZTI
G2TX
G3
el
GI
G2
el
G5
G5
G263
G5
GI
ql
G1
GI
G!
G1
G3BI
G3
GI
G2G3
G1
BI
G4TZR
GI
G3
G3BI
\aZ

GIGzO
BI
G:]
G2
t:t

s2
s2
sx
slsx
sx
s1sxsx
sx
s1
sl
s1
s1sx
sl
S2
s2
s2sx
s2
sx
s2
S1
S1
sl
sl
s3
s2
sl
sl
s1
s2
S1
SX
s3
S3
)Z
)Z
s2
s2
s l
S2

s2
s2
st
sl
q?

s2
q 1

I{L It*

hIL ff

sx trit

SE LE
S X * r
SX LE
SE LE
S X * r
s x *
S X * r
SE LE
SE LE
S E f f
s E *
SX LE
SE LEssc *
hL rt
l L n
SX tF

hL ,F

SX LE
ssc n
.SE LE
SE LE
SE lri

SE LE
irl

ssc t*
SE LE
s E *
SE LE
ssc ,F
SE I'*
SX LE

!F

fr

ssc *
ssc t-r
t{L t-r

ssc fr
ssc *'
ssc ff

S f + t
SSC !F
tiL rt

SE ,H
t{- i+
Sqf !h

SE :'*

SX-extrrpated. SE-endangered. ST-threatened. SR-rare. SSC-special concern. |.JL.tlatch ;
SG-srgnrfrcant. SRE-sGte rerntroouceo V
LE-enoangered. Ll-threatened. LELT-dlfferent listlngs for specific ranges of sp€cies. PE-propusg:
endangered. PT-proposed threatened. E/SA-appearance simllar to LE specles. n-flot l isted

Page 4



.January 22.  \997

ENoIJ, IGERE0.THREATENEDANDMREVEBJE9B4iE!A} |0INyEBTESMTES.INDIA} |A- 
IHOiNM NATURAL HERITAGE DATA CENTER

ELCOOE: .  .  SPECIESNAI4E : . .  " " "  CO l fONNA4E: '  " " '  SPROT:  USESA:SRANK: '  6RA l ' lK

LEPA2O14 ARTOGEIA NAPI OLEMCEA
LEPA2OzO ARTOGEIA VIRGINIENSIS
LEPTgOIO ATRYTONOPSIS HIA}INA
LEPl4OlO AUTOCHTON CELLUS
LEYCAO4O AELLU&{ DENSA
LEPJTO3i BOLORIA SELENE MYRINA
lEprzo:o BoLoRIA SELcNE NEBRASKENSIS
LEPHzO2O CALEPHELIS BOREALIS
LEPHzOSO CALEPHELIS I.TJTIOq
LEPE1OIO CALYCOPIS CECROPS
LEY89A40 CAIoCILA oULCIo[ A

F Leoidootera: Butterfl ies. Ski
I ILEPbOI20 MELYSCIRTTS AESCULAP
I ILEPSOzOO MELYSCIRTES BELLI
I iLEPSOOSO A}4ELYSCIRTES HEGON

?Eers. 
Hoths

BELL'5 ROAOSIOE SKIPPER
SALT.ND.PEPPER SKIPPER
VEINEO bJHITE
HEST VIRGINIA l,iHITE
OUSIEI) SKIPPER
GOLOEN.BAIIDED SKIPPER
NOCTUIO MOTH
S ILVER- BOROERED FRITILI.ARY
NEBRASKA FRITILL,ARY
NORTHERN HETAL}IARK
SMI.IP METALI.IARK
REI).ENOEO HAIRSTREAK

I.IARELED UNDERWING I'OTH
SOOTY AZTJRE
APPAI.ACHIN BLUE
I{ARRIS' CHECKERSPOT
GE}ITD SATYR
CREOLT PEARLY TYE
PI}IKPATCHED LOOPER IOTH
COLUA I NE IXJSKYIIII.IG
IOTTLED IXJSKY}IIIC
PERSIIJS DIJSKN'I}IG
OLYIf IA I.IARELEI.I I IG
EALTIIORE
NO.SPOTTED SKIPPER
SCARCE SI.IAIf SKIPF€R
IIORII{ERTI TIA I RSTREAK
SILVERY BLUE
l{I0'lESTERtl FEN EUC$OTH
CAROLINA SATYR
LEOI{ARIXJS SKIPPER
COSTIEB SKIPPER
OTMT SKIPPER
IIIOIN SKIPP€R
A PRO{INEI{T I'OTH
|6IRY'S ELFIN
FROSIEO ELFIN
}OARY ELFIN
KIRIIER BLUE BUITERFLY
I)MCAS COPPER
8G COPPER
NNPLISII COPPER
GRTAT COPPER
A LY]ROSIS IOTH
BARREI{S I€TARRAI.ITI{IS rcTH
OLIVE }IAIRSIREIX
MITOIELL'S SAWR
POIESHIEK SKIPPER
RATTLESMKE-I,IISIER EORER I{TH
COLI'GINE BORER
TfttITE H ITAIRSTREAK
BROAO.I.IIIGED SKIPPER
GRAY CCII{A
EUIIO{GRASS SKIPPER
A}{]SINTED SALLCH IOTH
APPAUCHIN EYED BRO'IN
STOKEY-EYED BRO'IN
GLORIUS FLOI.IER ITTH
PHLOX IfTH
ATI^I{TIS FRITILWY
t)IAI{A
REGAL FRITILLARY
EASTERII CLOUOYI{I}G

u$

G4

G5T4
u9
u.fu3
us

b l t J

*
F

fr

il

r*
il

*
fr
fr
*
il

ff

f

lll

il

fr
ff

*
*
t

F

irt

*
rF
fr
fi

:ltl

ff

rH

*
ilt

lhl

t
!n

!F

rH

ff

t
*
llr

r.I
lft

t{L
) t
SR
) l
tilL

SR

SR
5Rsxsr
ST
SEsr
SR
SR
t{L
SE

SRsr
SE
SR
ST

SR
SR
SE

$ it
rlrt

t{L ff

Sf !F

t{- n
:lll

SE LE
S X * l
SX it

}iL fi
fr

S R n
t

SR trt

S R *
s E *

'l*

tlL 'rt

S E f i
iit

f

sE rr
,h

\ l

sls2
s153

s2s3
S152
S?
s2s3
S1?
)J

s2s3
szs3
s?
) l

s2
s1s2
s2
s2
SU
S2
s1?
S3
s1s2
S2
S2S4
s2
S2
s2s4
s1
sl?
s1s2
s2
s2s3
sl
s3
s2
s2s4
s2
sl?
s1
s2
ST
s2s4
S?
s2
5H
s2s4
sl
SHsx
S?
s1s3
s2
s2s4
S2
s2
SI
sisz
su
c1
S1?
sx
s1?

G3&l
il
u3
G3
G4
BI
G4
G4
i:f,

G4?

G4
el
erTzr3
el
G4
BI
G3
G4
G5r4
G3el
Gso
el
c4G5
G3?
G5
G?
G5r4T5
el
G5
e5I2
EITU
e|Gs
G5
t 5
GU
GU
G5r5
Gzn
G2G3
G1
BT
G5
G5T4
trt
G3G/t

ILEY8935O CATOCAIj MR}ORATA
ILEPG0020 CELASTRINA EBENIIIA
i [Epeooro CEI-ASIRIM NEGLEcTAMA]oR
ILEPJ915O CHLOSYNE MRRISI I
ILEPNIO4O CYLLOPSIS G+fiA
rLEPr{9030 ENoolA E8EoLA _LEPI{9030 ENOOIA CREOI.A
lEl'sitoio EtiSFdinoFiEFix IHYATYRo IDEs
LEP3714O ERYNNIS LUCILIUS
LEP37IOO ERYNNIS I.IARTIIJ.IS

I[EPTZTZT ERYNNIS PERSIUS PERSIUS
ILEPAsO4O EUCHLOE OLYI{PIA
ILEPK4OSO EUPHYORYAS PIIA€TON

I ILEPTIOIO PROSLEHA EYSSUS
I ILEYFFO3O PYREFERM CEROI,IATICA
I ILEPNOOz2 SATYROOES APPAWHIA APPALACITIA
I ILEPNOOIz SATYROOES EURYOICE FI,I{SA
I ILEYiIPE9O SCHINIA GLORIOSA
I ILEY},IPI30 SCHINIA INOIA}.IA
I ILEPJSIiO SPEYERIA ATI.A}ITIS
IILEPJ5OIO SPEYERIA DINA
IILEPJ5O4O SPEYERIA IDALIA
I ILEPI6O5O THORYBES CONFUSIS

IILEPTTOg() EUPHYES 8II'IACUI.A
IILEPTTOSO EUPHYES DTJKESI
I ILEPE9OIO EURISTRYIOiI OI{TARIO
ii[Epeoozz GWcoPsYcH€ LY6]lll,s couPERI
IILEbIO'IX3O HTI{ILEUCA SP 3
I ILEPNzOzO HERI4EUPTYCHIA SOSYEIUS
I ILEP5sO5O HESPERIA LEOI.IARUJS
IILEP55100 HESPERIA tfTEJA
I ILEP65O5O HESPERIA OTTOE
IILEP5515O HESPERIA SASSACUS
IILEYO4OIO HYPEMESCHRA TORTUOSA
IILEPETOsI INCISALIA HENRICI TURI{ERI
IILEPETO4O INCISALIA IRUS
I ILEPETO3O INCISALIA POLIA
i t[Eposozr LycAEtoEs MELtssA sA]UELIS
IILEPCII2T LYCAEM MRCAS MRCJS
I ILEPC111O LYCAEM EPIXNTHE
I ILEPCI13O LYCAEM HELLOIDES
I ILEPC1O4O LYCAENA XA}|TI{OIOES
I ILEUzEO4O LYTROSIS PER}IAGMRIA
I ILEU3CIIO METARRI}ITHIS APICIARIA
IILEPE4O9I MITOURA GRYNEA GRYTIEA
i i[EpHsozt NEoNyHPftA MITcHELLII HITOIELLI I
I ILEP57010 0ARISMA PO'IESHEIK
I ILEYCO31O PAPAIPE}.IA ERYiEI I
I ILEYCO15O PAPAIPEHA LEUCOSTIB{A
I ILEPFIOIO PARRHASIUS M.ALBIT{
IILEPT3OTI POA}IES VIATOR VIATOR
I ILEPKSIOO POLYGONIA PROGI{E

GU
b J I J

h f l J l t +

G4
GU
G5
G3
G3
G4

STATE:

FEDEML

Sx-ent rpated. SE-endangered. ST-threatened. SR-rare. SSC'specral concern. t'lL'tratch I ist'

SG-slonlficant. SRE state re'lntroduceo
iE$ilil;lijl ui:ini.iiiitiei liii<-irterent listtnss ror speclr'ic ranses or- sp*l1s^.- PE-proposed
;dffi;fi.-Fi-plopliseri tn'.Ete-nE. !79q-6ppearance iintlar to LE specles. n-not lrsted
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u$
trJu{
ut

u.+
G5
trf
G5
u+
bf

G5
G5
G5
BI
G5
et
G5
G5
G5
G5
G5
G3et
G5
BI
G3gl
G5
dl
qt
G5
G5
tr3
el
G5
G5
el
GIG3Q
el
G5
G5
et
G5
G5
BI
G2
G5
G5
G3BI
G3BI
G3BI
G3
G5
b5

BI
IJJ

fi

ff

*
fr

fr

fr

f

F

fr
i*
F

fr

llt

i+
it
fr

fr
*
I}l}

Ili}

t+
t*
ff

*
.F

:l*

F

i+

'F

*
irf

*
irt

i!}

tl+

it

it

t;r

i+

Itrt

ilt

itt

Illt

!ll}

LE
'l'

ti

:lrt

*
*
*
fal

irt

F

*

sx

January 22. 1997

ENOAIIGERED. THREATENED AND MRE VERTEBMTES ANO INVERTESMTES. lNOIANA
INOIANA NATUML HERITAGE OATA CENTER
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Exotic Specics in the Great Lakes Basin
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Exotic Species in the Great Lakes Region

Search Contenta lndex TiPr Nanr

Plants I Publications I State Manaeement Plans I Select Exotic
Wildlife

@ ,ln Overview of Exotic Species

Exotic species have threatened the Great Lakes ever since Europeans settled in the region. Since

the 1800s, at least 136 exotic aquatic organisms of all types - including plants, fish, algae and
mollusks - have become established in the Great Lakes. As human activity has increased in the

Great Lakes watershed, the rate of introduction of exotic species has increased. More than

one-third of the organisms have been introduced in the past 30 years, a surge coinciding with the

opening of the St. Lawrence Seaway.

@ Select Exotic Species

Mollusks

' ZebraMussel

Crustaceans

' Rusty Crayfish
' Spiny Water Flea

Plants

' CurlyJeafPondweed
' EurasianWatermilfoil
' Flowering Rush
' Purple Loosestrife

M Recommended Resources

Biological Pollution, Northeast-Midwest Institute
The institute is undertaking a number of efforts to prevent the introduction and spread of
nonindigenous aquatic nuisance species.

Exotic Species, Minnesota Sea Grant
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I. Executive Summary

Nonindigenous species are plants and animals found beyond their natural ranges and are now part of the
North American landscape. Many are highly beneficial. Most U.S. crops and domesticated animals, many
sport fish and aquaculture species, numerous horticultural plants, and most biological control organisms
have origins outside Michigan. A large number of nonindigenous species, however, cause significant
environmental, socio-economic, and public health damage. The severity of these impacts are not widely
recognized, impeding the commitment needed to prevent future introductions. AIso, a "crisis response"
mentality often limits the vision and opportunity for the prevention of future introductions, leaving the
state with control problems that are economically costly, technically challenging, often impossible to
solve. Although at least 139 nonindigenous aquatic species have already become established in the Great
Lakes ecosystem, future introductions are still highly probable. It is the harmful aquatic nuisance species
(AII{S), such as the zebra mussel, ruffe, goby, spiny water flea, Eurasian watermilfoil and others that
arrived here unexpectedly, which provide the focal point for this State Management Plan (plan).The
prevention of unintended introduction is critical in alleviating ANS problems in Michigan and the entire
Great Lakes region.

The 1994 sumrner beach closings on Lake St. Clair, resulting from bacterial contamination and the
massive accumulation of aquatic vegetation is a reminder that ecosystems can undergo dramatic changes
due, in part, to the introduction of AII{S into the Great Lakes Basin. Many changes in Lake St. Clair are
attributed to increased water clarity, resulting from the presence of zebra mussels believed to have arrived
in 1986.

We cannot completely stop the tide. Perfect screening, detection, and control are impossible for the
foreseeable future. Nevertheless, Federal and State policies, designed to protect us from unplanned
invasions and the spread of nonindigenous species, are not safeguarding our local and national interests in
important areas. The conclusions of a report filed by the Office of Technology Assessment within the
United States Congress (Harmful Non-Indigenous Aquatic Nuisance Species in the United States,
September 1993) have a number of policy implications. First, the Nation has no real national policy on
harmful aquatic introductions; and the current systems are piecemeal and lack adequate rigor and
comprehensiveness. Second, many Federal and State statutes, regulations, and programs are not keeping
pace with new and spreading nonindigenous pests. Third, better environmental education and greater
accountability regarding actions that cause harm could prevent some problems. Finally, faster response
and more adequate funding could limit the impact of those that slip through.

The Nonindigenous Aquatic Nuisance Prevention and Control Act of 1990 (Public Law l0l-646), is the
federal legislation which calls upon the states to develop and implement comprehensive state management
plans for aquatic nuisance species control. The Act was established for the prevention and control of the
unintentional introduction of AIIS and is based on the following five objectives:

o Prevent further unintentional introductions of nonindigenous aquatic species;
' Coordinate federally funded research, control efforts and information dissemination;
' Develop and carry out environmentally sound control methods to prevent, monitor and control

unintentional introductions;
' Understand and minimize economic and ecological damage;
' Establish a program of research and technology development to assist state governments.

2 o f33 6/17/97 l :39 PM
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On November 29,1990, in response to the introduction of zebra mussels into the Great Lakes,

norrs Aouatic Nuisance Prevention and Control Act of 1990 (Public Law
Congress passed the
l0l-?46). The major focus of the act is to set up a framework to reduce the risk of unintentional

introduciions and io monitor and control nonindigenous aquatic nuisance species. The act establishes a

federal interagency Aquatic Nuisance Species Task Force responsible for developing a framework to

address the pioblem of nonindigenous aquatic nuisance species. The act also contains specific provisions

for controlling zebra mussels and a mandate that the United States Coast Guard promulgate ballast

The plan requests funding in the amount of $466,700 over a three-year period and would provide the

resources necessary for Jnhanced information and education efforts, additional monitoring capabilities,

and increased technical assistance to private facilities. The resources would also be used for the

deuelopment of policy options r"gurding environmental controls and regulations to provide the

foundation for a long-teim comm]tmenito ,$.IS control in Michigan. In addition, the plan sends the^

,,,"rrug" that the federal government has not met its responsibility to control further introductions of

ANS. Existing resources do not adequately address the problem.

while the opportunity for federal funding provided the initial impetus for the development ofthis plan' it

will serve ui i6"higun's plan of action, to the extent resources allow, even if federal support fails to

materialize.

II. The Present State of Affairs

Nonindigenous aquatic species are a source of socio-economic benefits and costs to many sectors of

American society and a tlhreat to the maintenance of biological diversity and ecological integrity. The

,G"in""r"e of ntnindigenous species issues are generally not recognized. Yet, the stakes are hard to

overstate. An aquatic riuir"n"" ipecies (ANS) is defined as a waterborne, non-indigenous organism that

threatens the diversity or abundance of native species, or the ecological stability of impacted waters, or,

that threaten, u .orn irercial, agricultural, aquacultural or recreational activity dependent on infested.

waters. These species nu*r" tnJpotential to tuur. significant ecological problems because they have been

introduced into a habitat in whiih there are no natural controls, such as pathogens, parasites, and

fr"au,o.r. Lack of natural controls in a new habitat may allow a species to grow at or near its potential,
'.*pon"nti"t 

growth rate. If such species become established, they may disrupt species relationships in the

new habitat. As a nuisance speciei proliferates, other species relationships change in the habitat. The

introduced species may prey upon, outcompete, or cause disease in native species'

Because the Great Lakes are open to the St. Lawrence Seaway for shipping, they have been the recipient

of many foreign aquatic nuisante species. Since the 1800's, over 130 such organisms have become

established inlhe Great Lakes Basin. Over one-third of the organisms have been introduced

unintentionally in the past 30 years, a surge coinciding with the opening of the St. Lawrence Seaway'

With the increased speed of ocean transport and improved water quality conditions in some European

countries, zebramussels, ruffe, gobies, and other pests are now able to survive the journey in ship ballast

water from Europe to the Great Lakes. Nonindigen

the Great Lakes Basin until the pathways by which

by federal, state, and provincial governments, and r

introduction. Nonindigenous species, and the contr

potential impacts that span economic, social, health, and ecological concerns- Water used for many
'applicationsl 

including ballast control, food processing, bait industry, exotic pet trade, and the aquarium

trade are all sources Jf introduction of nonindigenous species causing adverse impacts to the Great

Lakes.

3 o f33
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regulations which apply to vessels that enter a United States port on the Great Lakes after operating on

the waters beyond the Exclusive Economic Zone (EEZ). TheEEZ is defined as an area extending from

the baseline of the territorial sea of the United States seaward 200 miles. The Coast Guard ballast water

management regulations became effective on May 10, 1993. Because the regulations do not address

ballast control measures for vessels operating inside theEEZ, and those entering Great Lakes connected

fresh and brackish waters, it provides no safeguards for preventing the dispersion of aquatic nuisance

species already established in the United States. The key to the long-term protection of the Great Lakes

from unwanted arrivals is to prevent the discharge of ANS contaminated vesselballast water into the

Lakes. Cost effectiveness dictates that the strategic emphasis be placed on prevention of introductions
rather than on attempting after-the-fact control of range expansions of ANS. An established
nonindigenous organism in the Great Lakes Ecosystem is impossible to eradicate.

Section 1204 of the act is also particularly relevant to the Great Lakes States. This section allows the
governor of each state, after notice and opportunity for public comment, to prepare and submit to the
nationally appointed Aquatic Nuisance Species Task Force, a comprehensive state management plan

which identifies management measures and funding needed to reduce infestations of aquatic nuisance

species. Furthermore, development of a state management plan is a key recommendation of Michigan

Natural Resources Commission Policy #200I (Nonindigenous Aquatic Nuisance Species, March, 1993).

The plan contained herein requests funding in the amount of $466,700 over a three-year period to carry

out the following objectives:

o Prevent new introductions of ANS into the Great Lakes and inland waters of Michigan.
. Limit the spread of established populations of ANS into uninfested waters of Michigan.
. Abate harmful ecological, economic, social and public health impacts resulting from infestation of

^ ANS.

-Z The environmental and economic costs resulting from the invasion of aquatic nuisance species in
Michigan will continue to rise if new introductions continue and with the spread of species already
released. While the opportunity for federal funding provided the initial impetus for the development of
this plan, it will serve as Michigan's plan of action, to the extent resources allow, even if federal support
fails to materialize.

Species of Concern

The invasion of the zebra mussel in 1988 helped bring the serious nature of the aquatic nuisance species
issue to the public eye. Prior to the zebra mussel invasion, public perception held that resource
management agencies have the ability to control alien invaders. While this belief is partially true, control
can only be defined as slowing or preventing the spread; range reduction of a species; mitigation of site
specific conditions such as allowing for the treatment of water intake systems to remove colonies of zebra
mussels; or cleaning beaches after major storm events which wash thousands of dead zebra mussels
ashore. Control of aquatic nuisance species is not complete eradication of the nuisance organism from the
ecosystem, rather it means a reduction in abundance or effect of the nuisance.

In thespr ingof l988, thezebramussel@)wasdiscoveredinLakeSt 'Cla i r .
Scientists believe the zebra mussel was transported to North America in the ballast water of a
transatlantic freighter that previously visited a port in Eastern Europe where this mollusk is common.
Zebramussels have now spread to all five Great Lakes and are also found in the Mississippi, Tennessee,
Hudson, and Ohio River Basins.

Zebra mussels readily attach to most submerged surfaces including boats, rocky shoals, water intake

4 o f33 611'1t97 l :39 PM
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pipes, navigational buoys, docks, piers, and indigenous species such as clams. They affrx themselves to

,rr"1t of thEir own speiies and are able to form dense layered colonies of over I million per square meter.

The mussels have been able to colonize and foul heat exchangers, valves, and small diameter piping once

the organism gains entry into power plants. Irrigation, fire protection, and dust suppression systems have

also eiperienJed problems associated with mussel colonization. The U.S. Fish and Wildlife Service

u.r"rr", the potential economic impact at $5 billion over the next ten years to U.S. and Canadian

factories, water suppliers, power plants, ships and fisheries within the Great Lakes Region.

The ability of zebra mussels to filter suspended particles with high efiiciency from the water column was

established by European researchers. Consequently, one ofthe early concerns regarding the appearance

of zebra mussels in the Great Lakes was the impact on water quality. During the past several years

research in the western and central Basins of Lake Erie has confirmed preliminary observations that

water clarity had increased as a result of filtering activity by dense populations of zebra mussels.

However, attributing an increase in clarity to zebra mussels is not as simple and straightforward as it may

appear. Other important factors influence water clarity, such as storms that resuspend sediments,

nuirients, phytoplankton, and organisms that graze on phytoplankton.

Over the past few decades, nutrients (especially phosphorus) that support phytoplankton growth have

been an important determinant of water clarity in Lake Erie. High phosphorus levels support dense

populations of algae, causing reduced water clarity. Since the 1960's improved sewage treatment facilities

and low-phosphate detergenis have successfully reduced phosphorus inputs to Lake Erie by about 50

percent. itesearchers from the Ontario Ministry of the Environment recorded the decline of

phytoplankton associated with decreasing phosphorous levels from the late 1960's to the present. With

it 
" 

upp"urance of zebra mussels in 1988, phytoplankton abundance declined significantly and far more

rapidiy than could be explained by declining phosphorous levels. A decline of phytoplankton also

foilowed the spread of zebra mussels into Lake St. Clair in 1988, western Lake Erie in 1989, and central

Lake Erie in 1990. An additional piece of evidence supports the role of zebra mussels in the decline of

phytoplankton. The species composition of the phytoplankton community itself also changed.

ir"r."r"h".s noted that as phospirorus levels declined, the dominant species of phytoplankton shifted from

a blue-green algal 
"ornrnunity 

(trigh phosphorus) to a green algal community (lower phosphorus levels). '

The consequences for organisms that rely on phytoplankton as a food source have yet to be accurately

determined. Because phyoplankton is the major food source for open water (pelagic) lake food chains,

fisheries impacts may-result from zebra mussel filtration activity. Excessive removal of phytoplanklon

from the *"t", column may cause a decline in planktivorous fish species. As a result, populations of

planktivorous fish like gizzard shad might decline, and other desirable fishes such as walleye rely on the 
-

,n"A for forage. As zebia mussels settle and attach to firm substrates, there is also concern that extensive

colonization of shoal areas in lakes could impair reproduction of certain fish species. The walleye and

lake trout are two species which use rocky substrate for spawning and may be affected by colonies of

mussels.

One severe biological impact that has been documented is the near extinction of native American unionid

clams in Lake St. Clair 
"nd 

in the western basin of Lake Erie. Zebra mussels attach and build colonies on

the clams, eventually leading to their death. One of the earliest and most noticeable natural responses is

the increased use Uy Aiving ducks of areas with large populations of zebra mussels. Diving ducks feed on

zebramussels. Researchers do not betieve that feeding of diving ducks alone will significantly reduce

zebramussel populations, however. The zebra mussels' prolific reproductive cycle along with its ability to

adapt to many aquatic environments make it a very successful invader. Scientists believe eradication of

the mussel is unlikely. Furthermore, American and Canadian research conducted since 1988, indicate an

inevitable dispersion of zebra mussels to every temperate waterbody throughout North America
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Another important aquatic nuisance species already established in the Great Lakes Basin is the ruffe

(Gymnocephalus cernuus), a small perch-like, Eurasian fish. It was apparently introduced to the Great

Lakes in the St. Louis River near Duluth, Minnesota from a ballast discharge. In Europe the ruffe feeds

on whitefish eggs and competes with other more desirable fish. The spiny dorsal fins of the ruffe

discourage predition by other fish. In Lake Superior, the species of fish that is most affected by the ruffe

is the yellow perch. Populations of perch have declined up to 75o/o in water bodies where ruffe have

become established.

The quagga mussel (Dreissena bugensis) is related to the zebra mussel but is a distinct species. It prefers

deepir, colder waters which is consistent with laboratory studies indicating that the quagga has a lower

thermal maximum than the zebra mussel. In addition, it may have the same potential as the zebra mussel

to clog water intakes. The discovery of this second type of mussel increases the probability that other

species ofDreissenidae have been introduced into the Great Lakes.

Theroundeoby@isanabundantspecieswithoriginsintheBlackandCaspian
Seas. Theyire a small fish that feed chiefly on bivalves, amphipod crustaceans, small fish, and fish eggs.

It is also believed this fish was introduced into the Great Lakes from discharged ballast water.

Consumption studies of fish suggests round gobies might have a detrimental impact on native species

through competition for food and predation on eggs and young fish.

The spiny water flea (Bythotrephes ceders is also believed to have entered the waters of the Great

LakeJ from discharged ballast water. Although its average length is rarely more than one centimeter, this

large predaceous zooplanlter can have a profound effect on a lake's plankton. The spiny water flea

so-etl-es competes directly with young fish for food. Because this organism can reproduce many times

faster than fish, it could monopolize the food supply at times, to the eventual detriment of the fish.

Although Bythotrephes can also fall prey to fish, its spine seems to frustrate most small fish, which

experience great difficulty swallowing the animal.

The sea lamprey (petrom:rzon marinus) has been a serious problem in the Great Lakes for more than 50

years. After more than 30 years of trying to eradicate lamprey, the parasitic invader is making a comeback

at the expense of the lake trout fishery in northern Lakes Michigan and Huron. An adult lamprey can kill

up to 40 pounds of fish in just 12 to 20 months. A lamprey attaches itself to a fish with a sucking disk,
pierces its scales and skin and sucks out body fluids, often killing the fish.

Eurasian watermilfoil (Myriophyllum spicatum), a nonindigenous aquatic plant, reached the midwestern

states between the 1950s and 1980s. In nutrient rich lakes watermilfoil can form thick underwater stands

of tangled stems and vast mats of vegetation at the water's surface. In shallow areas the plant can

interfere with water recreation such as boating, fishing, and swimming. The plant's floating canopy can

also crowd out dominant native water plants.

Purple Loosestrife (Lythrum salicaria), is a perennial wetland plant native to Europe and Asia. It was

introduced into the United States in the early 1800s and continues to spread. The plant is impacting

Michigan wetland ecosystems by changing the structure, function, and productivity of the wetlands. The
plant forms dense monoculture stands, sometimes hundreds of acres in size, that displace native
vegetation and threaten the biotic integrity of wetland ecosystems. The loss of plant species richness and

diversity has eliminated natural foods and cover essential to many wetland wildlife species.

Once established in large, open aquatic systems, harmful, nonindigenous species such as those described
above have proven impossible to eradicate. These species represent only a small percentage of the most
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Public Comment Period

On March 10, 1995, Michigan's Nonindigenous Aquatic Nuisance Species State Management Plan was

made available for a 45-daf public review and comment period. Notice of the availability of the plan was

announced in a statewide iress release and in the Department of Natural Resources Calendar. Three

hundred copies were printed and allwere subsequ.nily distributed. Written comments were received from

twenty-six individuals representing fifteen differint agencies and organizations. To the extent possible,

the comments were addressed und infor*ation incorporated in the final document. A summary of the

public comments can be obtained by contacting the Office of the Great Lakes. In addition, questions or

comments about the State Management Plan should be directed to the Oftice at 517-373-3588.

Document prepared by Mark Coscarelli, Environmental Specialist, Office of the Great Lakes.

Appendix A

Referenced Materials

The following documents were used in the development of the information presented in this plan.

U.S. Congress, Office of Technology Assessment, Harnfut Nonindigenous Species in the United States,

OTA-F-5;5 (WashinEon, DC: U.S. Government Printing Office, September 1993)'

International Joint Commission and the Great Lakes Fishery Commission, Exotic Species and the

Shipping Industry: The Great Lakes-St. I-swrence Ecosystem at Risk, (A special report to the

Go"ernments of the United States and Canada, September 1990).

Marine Technology and the Environment, The Ship As a Vector in Biotic Int'asions, (IMAS 90, May

1990).

United States Coast Guard, The Defense of the Great Lakes against the hrpasion of Nonindigenous

Species in Ballast l[/ater, (Compliance Ovlrview of Ballast Water Regulations, September 2,1995)'

National Oceanic and Atmospheric Administration, Benefits and Costs of the Ruffe Control Program for

the Great Lakes Fishery, (May 18, 1994).

Office of the Great Lakes, Michigan Department ofNatural Resources, Nonindigenous Aquatic Nuisance

Species, (Natural Resources Commission Policy Number 2001, March 1993)'

Office of the Great Lakes, Michigan Department of Natural Resources, The Zebra Mussel, (D.Zel;tels

polymorphd: A Strategt'ro Control lts Spread in Michigan, (A Report to the Michigan Legislature,

February l99l).

Michigan Department of Natural Resources , DNR Actiort Plan for Lake St. Clair, (Surface Water Quality

Division, August 1994) -

Wisconsin Department of Natural Resources, University of Wisconsin Sea Grant Institute, Protecting

Wisconsin Waters from Exotic Invaders, (AZebraMussel Report to the Legislature, December 1994).
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New York State Department of Environmental Conservation, Nonindigentous Aquatic Species
C omprehensive Managenr ent P lan, (November I 993 ).

hnp://u.rvu, deq.state.mi.uVogllplan.html

O*"tgan State University Extension, Aquatic Pest Managenrent: A Training Marualfor Conrntercial
Pesticide Applicators, (Extension Bulletin E-2437, June 1993).

Ontario Ministry of the Environment, The zebra mussel,(Dreissena polymorpha): A Synthesis of

European Experiences and a Preview for North America, (1989).

Center for Evaluative Studies, Michigan State University, Evaluation of the Great Lakes Sea Grant

Network's ZebraMussel Outreach Activities for Industrial and Municipal Water Llsers, (September

lee4).

Questions or Comments?
Contact Martha Waszak (517) 335-4112 FAX: (517) 335-4053
e-mail address: waszakm@deq. state.mi.us

lffiffilHomePase
Revised December 18, 1996, by Martha lV'aszak
http : /htrwuz d e q. st at e- mi. u s
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